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PREPARATION OF FERRO-URANIUM. 


By H. W. Gintierr and E. L. Mack. 


INTRODUCTION. 


As a part of the investigations of the Bureau of Mines relating 
to radium, uranium, and vanadium, a laboratory study of the prepa- 
ration of ferro-uranium has been made. The results of the study 
are presented in this report in the belief that they will be of aid in 
developing the use of ferro-uranium, particularly in the manufac- 
ture of special steels. 


USES OF URANIUM COMPOUNDS. 


Uranium is one of the rarer elements, and although its compounds 
are valuable because of its scarcity, they have so far found little 
commercial use. Small amounts are used in photography, in ceram- 
ics, in opalescent glass, and as a reagent and indicator in chemical 
laboratories. 

Keeney® states that about 28 tons of uranium oxide, U,O,, was 
obtained from American ores in 1915, but that little of this found 
any use, being stored as sodium uranate, as in the past. 

Metallic uranium has been suggested by Hughes? as a material - 
for incandescent lamp filaments, and has been used as a catalyzer 
in the Haber® prccess for the fixation of nitrogen. 

Classen? states that uranium oxide is a catalyzer in another 
process for nitrogen fixation. 


POSSIBILITIES OF URANIUM STEEL, 


The main possibility for the use of uranium seems to be in the 
production of uranium steel. Uranium steel seemingly dates from 
about 1897, when Dennis® stated, “The [uranium] mineral which 
has been purchased recently for export to France is being used as 


* Keeney, R. M., Uranium and vanadium: Mineral Ind., vol. 24, 1915, p. 706. 

>Hughes, W. G., U. S. patent 1,106,384, Aug. 11, 1914. 

¢ Haber, Fritz, and Le Rossignol, R., Uber die technische Darstellung von Ammoniak aus 
den Elementen: Ztschr. elektrochem., Jabrg. 19, 1913, p. 53; Synthetic ammonia, Met. 
and Chem. Eng., vol. 11, 1918, p, 213. 

4Classen, A., German patent 289795, Apr. 1, 1913. 

¢ Dennis, L. M., Uranium: Mineral Ind., vol. 6, 1897, p. 654. 
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6 PREPARATION OF FERRO-URANIUM. 


a source of uranium for the preparation of uranium steel which is 
being employed by the French Government for the manufacture of 
guns.” 

Lenher? says, “Uranium carbide makes an excellent alloy with 
steel, and if it could be obtained cheaply it might replace Ni and 
W in the manufacture of high-class steel.” 

Uranium carbide is again said” to give an alloy steel much like a 
nickel steel. Moses and Parsons®¢ state, “The metal uranium has a 
limited use in uranium steel, as a small percentage of uranium in- 
creases the elasticity and hardness of ordinary steel.” 

Ingalls? stated in 1906 that among steel hardening metals ura- 
nium is distinctly subordinate in importance to V, Cr, Ni, and W. 

Merck’s index® states that the only technical use for uranium is 
in the form of an alloy in the manufacture of gun barrels. 

Escard/ states that it is reported that Krupp used uranium steel 
in armor plate, and that the French marine has tried it in, several 
ways. He states that it increases the strength and raises the reca- 
lescence temperature of steel. Fay? states that “it is highly probable 
that those steels having the highest recalescence point will show 
hardening the least rapidly.” His erosion tests indicate that surface 
hardening, cracking, and erosion of guns are accelerated by the 
presence of elements that lower the recalescence point. 

There have been various rumors that Germany is using uranium- 
steel liners in big guns in the present war. Naturally, no definite 
proof of this could be obtained, but it is known that the stock of 
uranium oxides or compounds obtained from pitchblende and 
stored by the Austrian radium works was exhausted early in the 
war. Katzer” states that “uranium increases the hardness, tough- 
ness, and elasticity of steel, though not to the same extent as V, 
Cr, Ni, or W. For ordnance and armor plate, however, uranium 
steel is well adapted.” Chaplet‘ stated in 1909 that so far uranium 
steel had been used only experimentally. Becker’ stated in 1910 
that uranium had so far not been shown to add any important 
qualities to steel not obtainable by the use of cheaper elements. This 

¢Lenher, V., Rare elements: Mineral Ind., vol. 8, 1890, p. 505. 

*’Le Moniteur Industriel, editorial, t. 27, 1900, p. 41. 

¢ Moses, A, J., aud Parsons, C. L., Mineralogy, crystallography, and blowpipe analysis, 
1911, p. 275. 

4 Ingalls, W. R., Vanadium: Mineral Ind., vol, 15, 1906, p. 750. 

© Merck’s 1907 index, p. 452. 

' Escard, J., Sur les différents procédés de préparation de l'uranium métallique pur ou 
A l'etat de fonte: Rev. chim. ind., t. 18, 1907, p. 81. 

9 Fay, H., The erosion and hardening of large guns: Iron Age, vol. 95, 1916, p. 1290. 

+ Katzer, Friederich, Die Uranerze: Oest. Ztschr. Berg u. Hiittenwesen, Jahrg. 57, 1909, 
r cotnbiet: M. F., Alliages ferro-metalliques: Seventh Int. Cong. App. Chem., vol. 3, A, 


1909, pp. 24-26. 
3 Becker, O. M., High-speed steel, 1910, p. 43. 
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statement was quoted by Mars¢ in 1912. Lake?’ also states that 
although experiments have been made on uranium in steel, none 
makes it appear that anything is to be expected from it. Pitavel°¢ 
states that “some firms in France have taken up the manufacture of 
other ferro-alloys, e. g. ferrotantalum, ferro-uranium, ferroboron.” 

Law states that ferro-uranium is used in the manufacture of 
uranium steel, but that the steel is extremely rare. Mailloux? also 
includes ferro-uranium among the ferro-alloys used in small quantity 
in France. 

Fischer! says: “A German firm is putting on the market ferro- 
uranium to be used in the manufacture of steel. England is also in- 
terested in uranium steel and as a permanent supply of ferro-uranium 
is guaranteed by Messrs. Geo. G. Blackwell Sons & Co. (Ltd), of 
Liverpool, trials on a large scale will be made in the steel industry. 
The properties of uranium and tungsten steelsaresimilar.” Fischer % 
says: “Some of the large (American) steel companies have tried to 
use uranium in their line of work, but with little or no success.” 

Tourchinsky * includes without further comment 0.23 per cent U in 
the composition of steels made at the Sonoritz works in 19138. 

Commercial use of uranium steel in the United States is rather 
recent. Keeney‘ states that in 1915 the Standard Chemical Co. 
worked on the use of uranium in steel, and put ferro-uranium on the 
market. He says: “ Although the applications of ferro-uranium have 
not been completely solved, the results are encouraging and indicate 
that in high-speed steel a small percentage of uranium may be sub- 
stituted for a very large percentage of tungsten without injuring 
the cutting qualities of the steel and that uranium is also useful in 
carbon steel and cast iron. <A high-speed steel showing excellent 
cutting qualities contained 0.78 per cent C, no Mn, 0.16 per cent Si, 
0.02 per cent P, 8.15 per cent W, 3.62 per cent Cr, 1.81 per cent V, 
1.02 per cent U.” Two or three other American firms are contem- 
plating the commercial production of ferro-uranium. 

Comparative tests of uranium steels, whose composition is not 
given, against other high-speed steels, also of unstated composition, 
have been given by the Standard Chemical Co.) Uranium steel has 


* Mars, G., Die Spezialstiihle, 1912, p, 329. 

> Lake, E. F.. Composition aud heat treatment of steel, 1911, p. 103. 

¢ Pitavel, M. R., Die elektrochemische Industrie Frankreich, trans. by M. Huth: Mono- 
graphien angew. Elektrochem., Bd. 42, 1912, p. 136. 

Law, E. F., Alloys, 1914, p. 315. 

¢Mailloux, C. O., Hydroelectric power, electrochemistry, and electrometallurgy in 
France: Met. and Chem. Eng., vol. 16, 1917, p. 334. 

‘Fischer, 8., Uranium and vanadium: Mineral Ind., vol. 22, 1918, p. 773. 

9 Fischer, S., The carnotite todustry: Trans, Am. Electrochem. Soc., vol. 29, 1913, p. 374. 

+ Tourchinsky, K., Nathuslus electric furnace in the steel and tube works at Sonoritz: 
Abstracted in Rey. de met., t. 12, 1915, p. 180. 

* Keeney, R. M., Uranium and vanadium: Mineral Ind., vol. 24, 1915, p. 706. 

§ Standard Chemical Co., Uranium in high-speed steel: Met. and Chem. Eng., vol. 15, 
1916, p. 160; Iron Age, vol. 97, 1916, p, 952, 
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been widely advertised as “the last word in high-speed tool steel,” 
and it has been advertised that “ ferro-uranium used in high-speed 
steels greatly increases strength, toughness, and durability, producing 
a steel that will stand up on the job.” 

However, the reports of Hoffman and Johnson* were not so 
favorable. Hoffman stated that a uranium steel with 5 per cent 
W and 8 to 4 per cent Cr made a good tool and did good work 
for, say, two grindings, but after that did not hold its efficiency 
and had to be rehardened, and Johnson said that a 40-point carbon 
steel with 0.8 per cent U was disappointing, being red short at 
ordinary forging heat and altogether uninteresting for practical 
uses. 

It is also understood that it has been difficult to produce uranium 
high-speed steel free from streaks or seams. 

It will be necessary to have more definite information than has 
yet been published before the real value or lack of value of uranium 
in steel can be determined. All that can be said at present is that 
uranium deserves a careful trial both in tool steel and in ordnancce. 

In order that such trials may be made, it is essential that some 
commercially feasible method be found for producing the metal 
in such form or combination that it will be taken up by steel with 
a minimum loss of U and with the smallest possible addition of 
impurities harmful to the steel. 

Among the possible forms in which U might be added to steel are 
as (1) metallic uranium, (2) uranium carbide, and (3) ferro- 
uranium. 

PRODUCTION OF METALLIC URANIUM. 


Uranium is one of the most difficult metals to reduce, and for 
many years the early chemists thought that the oxide UO, was the 
metal itself. In 1842 Péligot® obtained the first metallic uranium 
by reduction of uranium chloride by metallic potassium. Many 
other chemists* have prepared small amounts of the metal by reduc- 


@Hoffman, A. F., and Johnson, C. M., Symposium on electric steel: Jour. Ind. Eng. 
Chem., discussion, vol. 8, 1916, p. 949; Met. and Chem, Eng., vol. 15, 1916, p. 448. 

> Péligot, Recherches sur l'uranium: Ann, chim. phys., ser. 8, t. 5, 1842, p. 5. 

¢ Zimmerman, C., Untersuchungen itiber das Uran: Liebig’s Annalen, Bd. 218, 1882, p. 290; 
Bd. 216, 1883, p. 1. Lely, D., jr., and Hamburger, L., Herstellung der elemente Thorium, 
Uran, Zirkon und Titan: Zeit. anorg. Chem., Bd., 87, 1914, p. 209. Roderburg, A., Uber 
die Darstellung reinen Urans: Ztschr. anorg. Chem., Bd. 81, 1913, p. 122. Hughes, 
Wm. G., U. S. patent 1106884, Aug. 11, 1914. Aloy, M. J., Sur la preparation de l'ura- 
nium: Bull. Soc. chim., t. 25, 1901, p. 844; Chem. News, vol. 83, 1901. p. 231. Fischer, 
A., Beitriige zur Elektrochemie der Chromgruppe: Ztschr. anorg. Chem., Bd. 81, 1913, 
p. 170. Stavenhagen, A., Herstellung von Molybdiin and Uran: Ber. deut. Chem. Gesell., 
Bd. 32, 1899, p. 3065. Mixter, W. G., Heat of formation of vanadium and uranium 
oxides: Am. Jour. Sci., ser. 4, vol. 34, 1912, p. 141; Ztschr. anorg. Chem., Bd. 78, 1912, 
p. 221. Jochem, O., Untersuchungen fiber metallisches Uran and Molybdiin, 1912, — pp. 
Kuzel, H., and Wedekind, E., French patent 419043, Oct. 15, 1909. Rideal, E. K., Some 
studies on the reduction of uranium oxide: Jour. Soc. Chem. Ind., vol. 33, 1914, p. 673. 
Moissan, H., Préparation et propriétés de l'uranium: Bull, Soc. chim., t. 17, 1897, p. 266; 
The electric furnace, trans. by V. Lenher, 1904, p. 165. Baragiola, W. I., Preparation of 
uranium; Schweiz. Apoth. Ztg., Bd. 53, 1915, p, 477; Chem. Abs., vol, 10, 1916, p. 318. 
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tion of the halogen salts of uranium by alkali or alkaline earth 
metals. 

These methods involve the production of some such halogen salt 
as UCl,. As these are unstable except when absolutely dry, the 
difficulties of their preparation make this method of little promise 
commercially. Moreover, the product is obtained mainly in the form 
of a fine powder hard to purify, and this, on account of its fine 
state of subdivision, could hardly be added to steel without great 
loss. 

Reduction of the oxides by hydrogen, even under great pressure 
and at high temperatures, has given reduction down only to UO,. 

The thermit reduction,® by Al and Mg, will not work unless much 
external heat is added. 

Moissan? obtained the metal by electrolysis of UCI,2NaCl, but 
this method involves the use of UCl,, and produces only a fine 
powder. 

Reduction of the oxide by carbon, calcium carbide, or silicon in 
the electric furnace, gives a fused metal, and appears to be the only 
practical commercial method. 

Tiede and Birnbraiier* found that UC, was formed from the 
oxide and carbon at 1,600°, and that it melted at about 2,000° C. 

Rideal¢ gives the melting point of U containing 0.4 per cent C as 
1,300° to 1,400° C., whereas Burgess! gives the melting point of pure 
U as “near Mo,” which is given as ranging from 2,110° to 2,500° C. 
Molinari’ gives the melting point of U as over 1,500° C. Olsen* 
gives the melting point of uranium as 800° C. (quite certainly incor- 
rect; 1,800° C. probably meant), and that of U,O, as 2,176° C. 
Mellor‘ gives the melting point of U as 1,500° C. 

Moissan / mixed U,O, with carbon and heated the mixture in his 
indirect-are furnace, getting from a mixture of 500 parts of U,O, and 
60 parts of C, by weight, U,C, with 93 per cent U and 7 per cent C. 
By varying the proportions of U,O, and of C he got products vary- 
ing from 13.5 per cent C to less than 1 per cent, the mixture of 500 


* Rideal, E. K., page cited. 

>Giolitti, F. and Tavantini, Sulla preparazione dell'uranio: Gaz. chim. Ital., vol. 88, 
1908, p. 239. Rideal, E. K., Some studics on the reduction of uranium oxide: Jour. 
Chem. Soc. Ind., vol. 33, 1914, p. 673. 

¢ Moissan, H., page cited. 

4Tiede, Erich, and Birnbraiier, Erich, Spezielle Arbeitsmethoden zur Erzeugung hoher 
Temperaturen im Vakuum und das Verhalten einiger Metalle, Oxyde und Carbide bet 
denselben: Ztschr. anorg. Chem., Bd. 87, 1914, pp. 129-168. 

¢ Rideal, E. K., Some studies on the reduction of uranium oxide: Jour. Soc. Chem, Ind., 
vol. 38, 1914, p. 673. 

f Burgess, G. K., Measurement of high temperatures, 1912, p. 492. 

9 Molinari, E., General and industrial chemistry (inorganic), 1912, p. 623. 

+ Olsen, J. C., Van Nostrand’s chemical annual for 1913, pp. 9, 208. 

*Mellor, J. W., Modern inorganic chemistry, 1912, p. 475. 

J Moissan, H., Préparation et propriétés de l’'uranium; Bull. Soc. chim., sér. 3, t. 17, 
1897, p. 266. 
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parts of U,O, and 40 parts of C giving, if not heated too long, a 
metal with “little or no carbon.” If heated too long, U.C, was 
formed. Escard? states that a mixture of 17 parts of U,O, and 3 
parts of C by weight gives U,C,, whereas a mixture of 10 parts of 
U,0, and 1 part of C gives metallic U with 0.3 per cent C, in a Gin 
electric furnace. He emphasizes the necessity for the use of an 
excess of oxide in order to get low carbon. He gives the melting 
point of U as over 1,900° C. : 

Lebeau? states that uranium carbide is UC,. According to a 
patent issued to Electric Furnaces and Smelters, Ltd.,¢ sodium 
uranate, or U,O, may be reduced by CaC,, but that with enough 
carbide to give good reduction, there is carbon in the metal. So 
reduction is effected by both CaC, and ferrosilicon, the amount of 
Si used being regulated by the amount that can be allowed in the U. 

The Scientific Materials Co.’s 1917 price list quotes fused metallic 
uranium at $1.20 per gram. De Haéns’ price list for May, 1914, 
quoted prices as follows: 

Uranium carbide, 3800 marks per kilo, Pure metallic uranium, 90 marks per 
100 grams. Commercial metallic uranium. 300 marks per kilo, Ferro-uranium 
(about 50 per cent U), 450 marks per kilo. 

Jorissen and Trivelli? state that a sample of commercial metallic 
uranium was found to contain nitrogen equivalent to 13 per cent 
U,N, and 1.25 per cent C. Moissan states that uranium takes up 
nitrogen at even 1,000° C. 


CHARACTER OF FERRO-URANIUM PREVIOUSLY PRODUCED. 


Although either fused metallic uranium or uranium carbide might 
possibly serve for introducing U into steel, it would be expected that 
a ferro-uranium would be the most suitable vehicle. 

Moissan made ferro-uranium by electrolyzing fused UCI,2NaCl 
upon an iron cathode, obtaining fine-grained, silver-white alloys 
that could be filed. 

A process, seemingly designed primarily for ferrovanadium but 
stated also to apply to ferro-uranium, etc., is described by Bleeker,’ 
and deals with reduction by carbon followed by addition of oxide 
to remove carbon from the ferro. Beckman?’ advocates the elec- 
trolysis of fused mixtures of CaO and the oxide of the metal to be 
produced. Ferro-uranium is not specifically discussed by Beckman, 


¢Escard, J., Sur les différents procédés de préparation de l'uranium métallique pur ou 
a l'etat de fonte: Rev, chim, ind., t. 18, 1907, p. 81. 
*Lebeau, R., Sur la formule du carbure d’ uranium: Bull. Soc. chim., ser. 4, t. 9, 


1911, p. 512. 
© Electric Furnaces and Smelters (Ltd.), London, German Patent 247993, June 11, 1912. 
4Jorissen, W. P., and Trivelli, A. P. H., Lets over metallisch uraaran uit dem 


handel: Chem. Weekblad, jaarg. 8, 194, pp. 59-62. 
* Bleeker, W. F., Metallurgical process: U. S. Patent 1094114, Apr. 21, 1914. 
Beckman, J. W., An electrolytic furnace method for producing metals: U. 8S. Patent 
973336, Oct. 18, 1910; Trans. Am, Electrochem, Soc., vol. 19, 1911, p. 171. 
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but in a private communication he has outlined his process for 
making it. Equimolecular proportions of CaO and rather impure 
U,O, were fused in a magnesite-lined furnace and electrolyzed with 
an iron cathode and a carbon anode. The furnace was not arranged 
for pouring or tapping, and the product was chiseled out after cool- 
ing. Beckman stated that he had thus made carbon-free ferro- 
uranium containing 60 per cent U, 9 per cent V, and the remainder 
mainly Fe and Si. He kindly sent the writers a small sample whose 
analysis he did not have, which was made by the process mentidned. 

The analysis* of this sample, the composition of the ferro-alloy 
produced by the Standard Chemical Co., as given by Keeney,® and 
the analyses of two shipments of commercial ferro-alloy made in 
1916 and reported by the purchasers, and the analysis® of a low- 
carbon grade placed on the market after the experiments herein de- 
scribed were finished, are given in Table 1. It is not known whether 
this last is made by reduction with C alone, but samples of low-carbon 
ferro made by reduction with Al have been recently sent out to 
prospective users. The absolute percentages of carbon and silicon 
in the ferro-alloy are not so important as their ratio to the uranium 
content, so, for comparison, the percentages of these impurities for 
each 10 per cent of U have been calculated and included. 


TABLE 1.—Analyses of ferro-alloys. 


Percentage composition. rae eo per 
Designation of sample. 7 = 
tC, Cc. Si. V. Al, Cc. Si. 
Beck MBN. 2522. 6.255 cages gece dasdsdseasses 7.2 4.2 4.3 | Trace. 0.73 0. 76 
Keeney....... -| 60.0 3.0 1.0 2.0 . 60 - 20 
Commercial No. xgae ; 41,2 4.9 2.4 2.3 1.12 58 
Commercial Nov 2iscs; soiateaJesackt sce 2saceses 40.0 3.5 QO ss Raccbin’ shee 88 50 
to to 
3.0 +75 
Conimercial 1007+. 5.0s5 2. sac os sex naczsscesent 25.0 1.5 OL ts op anaslaneee sas - 60 1.40 
to to to 
35.0 43 1,00 


Johnson# states that he has encountered so-called ferro-uranium 
containing 15 to 20 per cent aluminum, that 2 to 28 per cent vanadium 
was always present, and that one ferro-uranium analyzed by him 
contained 15 per cent silicon. 

One steel company ® has made ferro-uranium on an experimental 
scale, in an Acheson graphite crucible, under an indirect arc, silicon 
or ferrosilicon being used as reducing agent, and has produced a 


*Ry EF. L. Mack. 

> Keeney, R. M., Uranium and vanadium: Mineral Ind., vol. 24, 1915, p. 706. 
¢ Foote Mineral Co., Mineral foote notes, April, 1917, p. 31. 

4Johnson, C. M., Chemical analysis of special steels, 1914, pp. 288, 299. 

¢ Personal communication. 
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ferro-alloy of 15 to 85 per cent U, with carbon averaging about 4} 
per cent in all lots, and with considerable silicon. The alloy con- 
taining 85 per cent U would contain 0.53 per cent C for each 10 per 
cent U. 

A German product was quoted * in 1914 at 450 marks per kilo for a 
ferro-alloy of about 50 per cent U. 

Early in 1917, prices’ for uranium compounds were as follows: 
Sodium uranate, 70 per cent, U,O,, $2.50 per pound—that is, $4.20 
per pound of U; uranium oxide, $3.60 per pound of UO, of purity 
equivalent to 96 per cent U,O,, or $4.40 per pound of U, in small 
lots; special prices for ton lots. The price of ferro-uranium in April, 
1917, was $7.50 per pound of U contained, leaving a margin of $3.10 
per pound of U between U as oxide at the price for small lots and as 
ferro, to cover loss of U in reduction, iron, coke, flux, power, labor, 
interest, depreciation, profit, etc. Market quotations on UO, have 
been made only recently, the oxide more common in the past being 
U,O,. 

Partly on account of the high price, most experiments with uranium 
steels seem to have been confined to steels with a maximum of about 
1 per cent U. Although some tungsten steels have as much as 12 
to 20 per cent W, it is probable that uranium steels with such high 
percentages of U may not be commercially desirable: yet it would be 
well to know the properties of steels really high in U. 


LOSS OF URANIUM IN ADDING FERRO-URANIUM TO STEEL. 


In present practice, in the addition of ferro-uranium to steel one- 
third to one-half of the U is lost. When manufacturers have had 
more experience this loss will probably be materially reduced, but 
reports so far indicate that with a ferro-uranium having much less 
than 40 per cent U, the U is not readily taken up because it cools 
the steel too much, and that with an alloy high in U, containing, say, 
95 per cent, or practically a crude metallic U, the metal oxidizes so 
rapidly that much is lost before it can get into the steel. It seems 
probable that 45 to 65 per cent U will be about the proper percentage. 

Those who have attempted to add the alloy to steel find that it 
must be added just before pouring or during pouring, as, if added 
any length of time before the steel is cast, no U is found in the steel, 
possibly because of reaction with slag as well as oxidation. The 
steel should be very hot. One user pours the steel from an electric 
furnace into a bottom-pour ladle, then into a second ladle, the ferro- 
uranium (crushed to hickory-nut size) being added to the stream as 
it flows into the second ladle, in order that all slag may be kept out 


“De Hilens price list, May, 1914. 
*Foote Mineral Co., Mineral foote notes, April, 1917, p. 81, 
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of contact with the ferro. The steel is held three or four minutes 
after the addition of the ferro before pouring into molds. It is quite 
possible that in many of the earlier experiments, which gave poor 
results and formed the basis for the pessimistic statements on ura- 
nium steel, nearly all or all of the U added was lost. 

The C and Si ratios in the ferro-alloys whose composition is given 
in Table 1 are so high that, with the one-third to one-half loss of 
U, these alloys, even if added to a carbon-free and silicon-free iron, 
would reach the usual limit of carbon or silicon for a tool steel when 
about 5 per cent U remained in the steel. 

On the other hand, if experiments prove that only very small 
amounts of U are desirable, alloys of the composition given, or 
those even higher in carbon, could be used. But a purer ferro- 
uranium should facilitate the experimental production of steels 
really high in U and of normal C and Si content. 


MATERIALS USED IN AUTHORS’ EXPERIMENTS. 


The uranium oxide used in the work described below was pro- 
duced by the Bureau of Mines in cooperation with the National 
Radium Institute, using a process in which sodium uranate is re- 
duced by heating it with the calculated amount of charcoal in a bath 
of molten salt, an oxide thus being produced from which alkali and 
vanadium oxide are readily washed out. The oxide used was mainly 
UO,, with some U,O,, containing about 83 per cent U, 2 per cent 
Fe,O,, 0.1 per cent Al,O,, 0.1 to 0.25 per cent V,O,;, 0.20 to 0.35 
per cent SiO,, 0.3 per cent moisture, 1.3 per cent NaCl, 0.15 per 
cent carbon. Of these impurities, in a ferro-uranium made by re- 
duction with carbon, only the Al,0,, V.O,, and SiO, can introduce 
impurities. On the basis of metallic U-+-V-+Si-+-Al, the total im- 
purities that can go into the alloy are less than 0.5 per cent. 

Beside the greater purity of this UO, as compared with most 
commercial U,O,, the use of the lower oxide is advantageous in that 
the first stage of the reduction, from U,O, to UO., has already 
been accomplished ; hence the further reduction from UO, to U will 
not require as much energy as if U,O, were used. In order that 
the other materials used might approach this standard, the iron 
used was an ingot iron with 0.03 per cent S, 0.01 per cent P, 0.015 
per cent C, 0.03 per cent Mn, and 0.005 per cent Si. As the S is 
practically eliminated in the process, the iron has only about 0.05 per 
cent of impurities, aside from carbon, that can stay in the alloy. 

A low-ash coke was the reducing agent, and for slag formers 
Al,O, purified as for the production of metallic aluminum was first 
used and later commercial lime and fluorspar. In some experi- 
ments a good grade of mill scale was used. 
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NECESSARY CONDITIONS FOR PRODUCTION OF FERRO-URANIUM. 


UO, is not reduced by carbon below 1,500° C.,¢ and, according to 
temperature measurements on the surface of the slag at the end of 
successful runs in the investigation reported herein, a temperature 
of at least 1,700° C. is necessary for efficient reduction, requiring an 
electric furnace. 

The specific gravity of UO, is 11, of iron a little less than 8, and 
of metallic uranium about 18.7. Hence if one melts UO,, carbon, 
and iron together without a slag, the iron will stay on top and will 
not collect the uranium. Consequently it is essential to have some 
flux that will combine with UO, to form a slag lighter than iron. 
This slag should also be a good are supporter, in order that a direct- 
are furnace may be used, as the bulk of the reduction seems to go on 
directly under the are itself. The slag must not introduce unde- 
sirable impurities into the alloy. The furnace must be provided 
with a lining that will not be strongly attacked by the slag or intro- 
duce undesirable impurities, and will withstand the high tempera- 
ture needed. The reducing agent should be one that will leave the 
lowest possible amount of harmful impurity in the alloy. 

Attempts to produce the alloy in an indirect-are type of furnace 
soon showed ‘that there would be an excessive power consumption 
to get the required temperature, and the direct-arc type was then 
taken as the most promising. The Rennerfelt type, in which the are 
is deflected onto the charge, might serve, but was not tried, as only 
single-phase power was available, and there was no difficulty in 
getting slags that were good arc supporters for the direct-are type. 

In preliminary experiments Al,O, made a fluid slag with UO,, 
and as it was at first thought that Al would not be reduced readily 
enough to interfere with the production of a very pure alloy, the use 
of Al,O, was tried. 

TESTS IN TILTING FURNACE WITH GRAPHITE HEARTH. 


In order first to produce an alloy sufficiently high in U without 
regard to carbon content, experiments were made with both the 
Girod and the Heroult tvpes of furnaces, with carbon or graphite 
hearths. Some of the first of these were not tilting or tapping and 
the product was taken out when cold, but it was soon found that 
even for preliminary work a tilting furnace was desirable, as, by tilt- 
ing the furnace to and fro slightly during the run, fresh charge 
could be brought directly under the are and far better results 
obtained. 

The graphite-hearth tilting furnace (fig. 1) had a hearth of 5 by 8 
inches by 84 inches deep to the pouring spout, and 15 inches to the 
roof; the bottom and sides were graphite blocks 2 inches thick and 


* Greenwood, H. C., Reduction of refractory oxides by carbon: Jour, Chem, Soce., vol. 
83, 1908, p. 1488. 
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backed by 24-inch magnesite or zirkite brick, which were in turn 
backed by 23-inch firebrick, held in an iron shell which tilted on trun- 
nions. The roof was of 1-inch carbon slabs, covered with magnesite 
and firebrick like the sides, with an opening in the top for the two 
graphite electrodes, 2 inches in diameter, which were hung on pulleys 
and counterbalanced. The furnace was charged through this open- 
ing. In order to minimize corrosion of the hearth, an excess of car- 
bon over the theoretical was used in most tests. The slag did not 
pour out, but remained in the furnace. In order to clean out the 
spout so as to pour cleanly, a “ tapping electrode” 1 inch in diameter 
was connected to one lead, the regular electrode on that lead was 
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Ficure 1.—Sections of graphite-lined tilting furnace. a, iron shell; 6, trunnion; 
c, electrode; d, slag; e, alloy; f, graphite lining; g, magnesite lining; h, removable 
fire brick ; i, fire brick ; j, pouring spout; k, graphite plug for spout; J, arc. 

raised, the spout was unplugged, the tapping electrode was thrust 

into the spout, and an arc was drawn from the tapping electrode 

to the bath. The tapping electrode was also used on another tilt- 
ing furnace built later. 

The furnace took 600 to 750 amperes at 60 to 90 volts, with 90 
to 95 per cent power factor, that is, some 30 to 60 kilowatts. It was 
regulated either by the length of the arc or by the voltage. The 
iron was charged into the furnace, slag formers were added, and the 
furnace was heated till iron and slag were fluid; then the charge 
proper (UO, mixed with coke) was added slowly and the furnace 
was heated 20 to 30 minutes more before the alloy was poured. 

The alloy was poured into fire-clay or alundum-lined molds. Alloy 
ingots with the higher percentages of uranium were usually taken 
from the molds as soon as frozen and were quenched in water to pre- 
vent oxidation. The results obtained with this furnace are shown 
in Table 2 following. 
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RECOVERY OF URANIUM. 


ad 


In experiments 39 to 41, 16.75 pounds of UO, was charged, and 
24.65 pounds of alloy, averaging 44.5 per cent U, was obtained. The 
UO, charged was equivalent to about 14 pounds of metallic U, and 
11 pounds of metallic U was obtained in the alloy, or nearly an 80 
per cent recovery, not counting the U in the metal and slag (about 3 
pounds) left in the furnace, which brings the loss of U down to 
about 10 per cent. Orange sublimate, seemingly UO,, was given 
off in small amounts, some of which condensed on the electrodes. 

There was some metallic uranium or ferro-uranium held in the 
slag, and this, if in contact with air when warm, glowed and disinte- 
grated to powder, owing to the oxidation of the uranium. 

In the hope that the presence of silicon would lower the carbon con- 
tent, even in a graphite hearth, the hearth was cleaned out and experi- 
ments 44 and 45 (see Table 2) were made to furnish comparative data 
for runs with and without Si, 0.5 pounds of SiO, being charged in 
experiment 45. This amount of silicon was seemingly not of value 
in reducing the carbon. When metallic Si or SiO, and C were pres- 
ent in the charge considerable Si was volatilized and oxidized outside 
the furnace, some of the SiO, settling on the electrodes. 

In experiment 47 a layer of 18 pounds of UO, was fused over the 
graphite hearth to determine whether it would keep the alloy off the 
graphite, and a run was made with carbon in excess of that theo- 
retically needed, only the UO, in the charge being considered. A 
high-carbon alloy resulted, as the alloy had touched the graphite. The 
alloy had again touched the graphite hearth in experiment 48, so 
more UO, was put over the bare spots before experiment 49 was 
started. In experiment 49, after 32 minutes, after 36 kilowatt-hours 
had been used, the furnace being run at higher power than pre- 
viously, there was trouble at the power house and the power was cut 
off. After the spout had been dug out with a bar, 3 pounds of alloy 
was poured (experiment 49, first run), analyzing 2.55 per cent C, and 
29.5 per cent U. The power was off 20 minutes; then the arcs were 
started again and run 20 minutes, 15 kilowatt-hours more being used, 
but the freezing had seemingly opened cracks in the UO, bottom 
which held the remaining alloy, and nothing would pour. When the 
furnace had become cold the UO, bottom was found cracked loose, 
but the alloy did not seem to be in contact with graphite. 

In the second run of experiment 49, 1.5 pounds of alloy were taken 
out when cold, which analyzed 0.62 per cent C and 50 per cent U. A 
fresh bottom of 25 pounds of UO, was then fused over the graphite. 

In experiment 50 a thicker laver of slag was tried over the iron 
and the coke added alone after all UO, had been introduced into the 

89494°—17—_3 
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slag. The furnace was cola at the start; the charge was 4 pounds 
of Fe, 10.6 pounds of UO,, and 1.0 pound of Al,O,, and when all had 
melted (in 27 minutes) 0.9 pound of coke was added, a little at a 
time, during 35 minutes. After 1 hour and 5 minutes (3 minutes 
after the last coke had been added), during which 45.5 kilowatt- 
hours was used, a half-pound sample was poured, which analyzed 
5.3 per cent C and 52 per cent U. 

The furnace was then gently heated for 20 minutes, only 12} 
kilowatt-hours being used, in the hope that decarburization would 
take place by long contact with the excess UO, in the charge and 
with the bottom, but the alloy was too cold to be poured, so 9} 
kilowatt-hours more was used in 15 minutes, and 4 pounds were 
poured, analyzing 60 per cent U, 5.3 per cent C, 0.5 per cent Si, 
and 3.4 per cent Al. The UO, lining was found to be again cracked, 
and the alloy had touched the graphite. One small chunk (third 
trial, experiment 50) seemed fairly well isolated from the graphite, 
and analyzed 50 per cent U, 3.2 per cent C, and 8.6 per cent Al. 
Whenever an alloy was in contact with graphite there was 0.9 to 
1.3 per cent C per 10 per cent U, whereas in the second trial of 
experiment 49, in which the alloy did not come in contact with 
graphite and a large excess of UO, was present, a small piece was 
obtained that contained only 0.12 per cent C per 10 per cent U. 

It is evident that ferro-uranium can be readily produced on a 
carbon hearth with little loss of U, but that there will be 4 to 5 
per cent carbon in the alloy, and that without water cooling of the 
hearth a layer of UO, can not be satisfactorily preserved. 

Moissan# states that in the preparation of pure uranium by re- 
duction with carbon in a carbon crucible under an arc, if the heat- 
ing does not last too long, U very low in C can be obtained. He 
gives analyses ranging from 86.25 per cent U and 13.5 per cent C 
to 99.52 per cent U and 0.005 per cent C. It is not probable that 
an alloy approaching the latter figure could be made on a commer- 
cial scale, and it would be a very difficult task even on a small 
luboratory scale with a carbon container. Escard?® claims that U 
with 0.3 per cent C can be made by electric-furnace reduction of 
uranium oxide by carbon with the oxide in excess. These workers 
give no data on ferro-uranium. 


FAILURE OF UNCOOLED MAGNESITE LINING. 


A magnesite hearth had previously been tried in the same furnace 
shell as was used with the graphite hearth, with the Al,O, slag and 
with excess carbon in the charge, and alloys of 33 to 40 per cent U 

®*Moissan, Il., The electric furnace; trans. by V. Lenher, 1904, pp. 167, 170. 


>iscard, J., Sur les différents procédés de préparation de l’'uranium métallique pur ou 
A état de fonte: Rey. chim. ind., t. 18, 1907, p. 81. 
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and 4 to 5 per cent C had been produced, but the magnesite hearth 
was ruined in one to three heats. A zirkite hearth was ruined 
in one heat. Small-scale tests of silica and chromite were made, 
but neither stood up, and they introduced large amounts of Si 
and Cr. 


TESTS IN STATIONARY WATER-COOLED FURNACE. 


A water-cooled magnesite hearth was next tried in a stationary 
furnace. 

A steel box 11§ by 11} inches by 133 inches high was lined with 
split magnesite brick 14 inches thick. The outside was cooled by two 
spray pipes surrounding the box, the bottom being supported in a 
pan with a drainpipe, so that there was always 1 inch of water below 
the bottom and 23 inches up the sides. Above that the shell was 
cooled by the sheet of water from the spray pipes. A magnesite 
roof and the usual two graphite electrodes 2 inches in diameter were 
used. The results with the stationary furnace are given in Table 
3, following. 
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For experiment 54, 28 pounds of mixed slags from experiments 
45, 49, and 50 were melted into the hearth, with the addition of 1 
pound of fine magnesite, in the hope of reducing the attack of the 
slag on the magnesite brick. When the slag was fluid in the center, 
iron and a little CaO and UO, were added, and later the coke was 
slowly added, alone, and the heating continued. The stationary fur- 
nace was of course started cold each time, as the product had to be 
dug out. The product in the stationary furnace was usually in two 
parts. One part had not come under the arcs, as the furnace could 
not be rocked back and forth to stir the charge; this part had only 
a trace of U. The other part comprised the regulus, in the center. 

Experiment 55, in which the proportion of Al,O, was increased, 
gave a more fluid slag, but the iron did not collect well, was emul- 
sified with the slag, and contained only traces of U. The lining had 
spalled badly, but had not slagged. The furnace was then relined 
with magnesite, and experiment 56 was made with less slag. 

Experiment 57 was made with still less slag and with CaF, to 
promote fluidity, both changes being made in the hope of reducing 
emulsification. 

In experiment 58 the size of the sump was again reduced, the 
CaF, was increased and the quantity of slag was decreased. <A 6- 
pound regulus was obtained, but it contained only 1.6 per cent U, 
the increase in weight over the iron charged coming from iron shot 
in the old slag. The hearth was badly slagged, owing to lack of 
sufficient UO, or slag to form the protective layer. 

In some of these experiments a layer of unfused slag had been 
satisfactorily maintained over the magnesite. If this can be done 
consistently, the material composing the lining is unimportant if it 
will not react with the frozen slag. The dimensions of the magnesite 
lining used in experiment 58 were duplicated, a lining of “ Refrax ” 
carborundum brick being used for experiments 61-64. 


EFFECT OF ALUMINA IN SLAG. 


The Al,O, in the slag had introduced Al into the alloy (see Tables 
2 and 3). This may be more of a seeming than a real impurity, as 
A1,O, and uranium oxides form a fluid slag, and as small amounts 
of Al might be expected to be oxidized before the bulk of the U, 
the Al might even to some extent protect the alloy from loss of U, 
and the Al,O, might be eliminated as a fluid slag instead of held 
as infusible Al,O, inclusions, as when Al is used alone. 
- The producers of ferrotitanium by the alumino thermic method 
claim that it is a better deoxidizer than that made by reduction by 
carbon, on account of the Al left in the alloy, as beth TiO, and 
Al1,O, are highly refractory, whereas both together give a low melt- 
ing slag that is readily eliminated. If this claim is correct, it would 
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also apply to ferro-uranium. In fact a study of the systems A1,O,- 
UO, and Al.O,-U,O, as to melting points and specific gravity might 
show how to make up an AJ-U or a Fe-Al-U alloy which would be, 
because of the great reducing power of metallic U, nearly as good a 
deoxidizer as pure Al, and one that would not leave Al,O, inclusions 
in the steel. The Bureau of Mines hopes to make such a study in the 
near future. However, the present purpose is not merely to make a 
scavenging deoxidizer, but to produce a ferro-uranium as free as 
possible from all impurities, although it is possible that a Fe-U-A] 
alloy that would give a fluid slag on oxidation might be found to 
reduce the trouble from streaks and seams in uranium high-speed 
steel. 
TESTS OF VARIOUS SLAGS AND REDUCING AGENTS. 


experiments with other slags free from Ai,O, and with other 
reducing agents than carbon were made. 

In experiment 61, 10 pounds of UO, was sintered into the car- 
borundum-lined water-cooled stationary furnace by the arc; then 
6 pounds of UO,, 0.75 pound of CaO, and 0.25 pound of B,O, were 
melted, and 4 pounds of iron was added. The slag did not hold a 
good are and the iron was bared, so that 1.5 pounds of old slag 
containing Al,O, was added. Then 0.6 pound of coke was added, 
and additions of 0.5 pound of CaO, 0.5 pound of UO,, and 0.1 
pound of B,O, were made in turn, but none improved the slag. 

For the preparation of pure uranium from the oxide, Kuzel and 
Wedekind * suggest the use of metallic calcium, and another patent ? 
suggests the use of CaC, or CaC, plus ferrosilicon, At are tempera- 
tures, CaC, will be decomposed into C and Ca, both of which should 
take part in the reduction. 

In experiment 62, 11 pounds of UO, was sintered into the SiC 
hearth, then some No. 61 slag and some CaC, were melted, and then 
3.7 pounds of iron was added, then from time to time more slag and 
CaC, were added. The slag held a fair are, but not as good a one 
as in the Al,O, slags. Addition of a little Na,CO, did not help the 
slag. A total of 11 pounds of slag, 2 pounds of CaC,, 0.3 pound of 
Na,CO, was used. A 6}-pound regulus analyzing 3.5 per cent C, 
12 per cent U, and 0.7 per cent Si was obtained, the increase in 
weight being due to buttons in the old (CaO-UO,) slag. The slag 
was practically free from CaC,. 

As CaC, alone did not give satisfactory results, CaC, and ferro- 
silicon were tried. 

In experiment 63, 15 pounds of slag and UO, taken from the 
hearth after experiment 62, was melted, CaC, was added, then 3.9 
pounds of iron, then more CaC,, then 0.5 pound of crushed ferro- 
silicon (50 per cent Si), and then from time to time more slag and 


* Kuzel, H.. and Wedekind, E., French Patent 419043, Oct. 15, 1909. 
» Rlectric Furnace and Smelters (Ltd.), London, German Patent 247993, Apr. 8, 1911. 
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CaC,. The total charge was 25 pounds of slag and UO,, 0.9 pound 
of CaC,, 0.5 pound of ferrosilicon, and 3.9 pounds of Fe. The cal- 
cium silicate gave a satisfactory slag both for holding the are and 
for fluidity. A frozen lining was maintained and the metal did not 
touch the SiC lining. The 5}-pound regulus analyzed 2.5 per cent 
C, 4.5 per cent Si, and 9 per cent U. 

As CaC, and Si did not prove as effective reducing agents as 
carbon, although CaC, gave a fair slag, the next step was to add 
coke as well. 

In experiment 64, 10 pounds of slag (containing calcium silicate) 
from experiment No. 63 was sintered into the bottom, 0.75 pound of 
CaC, was added, then 3 pounds of iron, then 9 pounds more of 
slag, and later 0.5 pound of coke. The 4-pound regulus analyzed 
3.9 per cent C, 1.4 per cent Si, and 35 per cent U. Seemingly carbon 
is a more effective reducing agent than CaC, or Si, as the weight of 
the reducing agents and of recovered U in the alloy compared as 
follows: 

Comparative weights of reducing agents and recovered uranium in alloy in 


experiments to produce ferro-uraniiimn, 
. Weight of Uin 


Experiment No. Weight of reducer. alloy, pounds. 
leone 2a Cec aeeGsabusasaeeest 0. 6 pound coke. 1.6 
G2 jenn cnet cee ss ets, 2) 0 pounds' Ca 5 


if 0.9 pound Ca, | 5 
| 0.5 pound ferrosilicon, [ 
AR a ae ae sete eon eee So eee 0.5 pound coke, 1.4 

As the slag on inspection after freezing was found to be in only a 
thin layer over the alloy, so that there was not enough UO, in the 
active slag to give an excess, the carbon was still high. CaO alone 
did not give a very fluid slag with UO,, whereas CaO and CaF, gave 
a fairly fluid one. Experiment 57, in which CaF, was added, gave 
a fair percentage of U in the alloy, but experiment 58, with more 
CaF,, did not. 

To determine whether the Cal’, hindered the reduction, another 
run (experiment 65) was made in the graphite-lined tilting furnace. 
(See Table 2, p. 16.) In this experiment old slag calculated to con- 
tain about 8.75 pounds of UO,, 3 pounds of CaO, 0.5 pound of 
CaF’, (containing small amounts of iron shot and Al,O, and SiO,) 
and 0.5 pound more of CaF, were melted, and, when the charge 
was fluid, 4 pounds of iron was added, later 0.6 pound of coke was 
added. Eight pounds of alloy was obtained, analyzing 5.8 per cent 
C, 38 per cent U, and 1 per cent Si. 


TESTS IN WATER-COOLED TILTING FURNACE. 


As the CaO-CaF, slag was fairly satisfactory and as the water- 
cooling preserved a frozen layer of slag over the carborundum lining 
in the stationary furnace, the next step was’ to combine these factors 
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also apply to ferro-uranium. In fact a study of the systems A1,O,- 
UO, and Al,O,-U,O, as to melting points and specific gravity might 
show how to make up an Al-U or a Fe-Al-U alloy which would be, 
because of the great reducing power of metallic U, nearly as good a 
deoxidizer as pure Al, and one that would not leave Al,O, inclusions 
in the steel. The Bureau of Mines hopes to make such a study in the 
near future. However, the present purpose is not merely to make a 
scavenging deoxidizer, but to produce a ferro-uranium as free as 
possible from all impurities, although it is possible that a Fe-U-Al 
alloy that would give a fluid slag on oxidation might be found to 
reduce the trouble from streaks and seams in uranium high-speed 
steel. 
TESTS OF VARIOUS SLAGS AND REDUCING AGENTS. 

Experiments with other slags free from Ai,O, and with other 
reducing agents than carbon were made. 

In experiment 61, 10 pounds of UO, was sintered into the car- 
borundum-lined water-cooled stationary furnace by the arc; then 
6 pounds of UO,, 0.75 pound of CaO, and 0.25 pound of B,O, were 
melted, and 4 pounds of iron was added. The slag did not hold a 
good arc and the iron was bared, so that 1.5 pounds of old slag 
containing Al,O, was added. Then 0.6 pound of coke was added, 
and additions of 0.5 pound of CaO, 0.5 pound of UO,, and 0.1 
peund of B,O, were made in turn, but none improved the slag. 

For the preparation of pure uranium from the oxide, Kuzel and 
Wedekind * suggest the use of metallic calcium, and another patent ? 
suggests the use of CaC, or CaC, plus ferrosilicon. At are tempera- 
tures, CaC, will be decomposed into C and Ca, both of which should 
take part in the reduction. 

In experiment 62, 11 pounds of UO, was sintered into the SiC 
hearth, then some No. 61 slag and some CaC, were melted, and then 
3.7 pounds of iron was added, then from time to time more slag and 
CaC, were added. The slag held a fatr arc, but not as good a one 
as in the Al,O, slags. Addition of a little Na,CO, did not help the 
slag. A total of 11 pounds of slag, 2 pounds of CaC,, 0.3 pound of 
Na,CO, was used. A 6}-pound regulus analyzing 3.5 per cent C, 
12 per cent U, and 0.7 per cent Si was obtained, the increase in 
weight being due to buttons in the old (CaO-UO,) slag. The slag 
was practically free from CaC,. 

As CaC, alone did not give satisfactory results, CaC, and ferro- 
silicon were tried. 

In experiment 63, 15 pounds of slag and UO, taken from the 
hearth after experiment 62, was melted, CaC, was added, then 3.9 
pounds of iron, then more CaC,, then 0.5 pound of crushed ferro- 
silicon (50 per cent Si), and then from time to time more slag and 


« Kuzel, H., and Wedekind, E., French Patent 419043, Oct. 15, 1909. 
» Rlectric Furnace and Smelters (Ltd.), London, German Patent 247993, Apr. 8, 1911. 
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CaC,. The total charge was 25 pounds of slag and UO,, 0.9 pound 
of CaC,, 0.5 pound of ferrosilicon, and 3.9 pounds of Fe. The cal- 
cium silicate gave a satisfactory slag both for holding the are and 
for fluidity. A frozen lining was maintained and the metal did not 
touch the SiC lining. The 5}-pound regulus analyzed 2.5 per cent 
C, 4.5 per cent Si, and 9 per cent U. 

As CaC, and Si did not prove as effective reducing agents as 
carbon, although CaC, gave a fair slag, the next step was to add 
coke as well. 

In experiment 64, 10 pounds of slag (containing calcium silicate) 
from experiment No. 63 was sintered into the bottom, 0.75 pound of 
CaC, was added, then 3 pounds of iron, then 9 pounds more of 
slag, and later 0.5 pound of coke. The 4-pound regulus analyzed 
3.9 per cent C, 1.4 per cent Si, and 35 per cent U. Seemingly carbon 
is a more effective reducing agent than CaC, or Si, as the weight of 
the reducing agents and of recovered U in the alloy compared as 
follows: 

Comparative weights of reducing agents and recovered uranium in alloy in 


experiments to produce ferro-uraniui, 
Weight of U in 


Experiment No, Weight of reducer. alloy, pounds. 
(eR er moO ee SOR a EO OE ee ee A 0. 6 pound coke, 1.6 
62 o2scn anes oe, host ass. 2,0 pounds CaG: “te 
Cee I ae | 0. 9 pound Cac, ' | B 
| 0.5 pound ferrosilicon, — | 
ere TOA SS See os Pane erences Seca 0.5 pound coke. 1.4 


As the slag on inspection after freezing was found to be in only a 
thin layer over the alloy, so that there was not enough UO, in the 
active slag to give an excess, the carbon was still high. CaO alone 
did not give a very fluid slag with UO,, whereas CaO and CaF, gave 
a fairly fluid one. Experiment 57, in which Cal’, was added, gave 
a fair percentage of U in the alloy, but experiment 58, with more 
CaF, did not. 

To determine whether the Cal*, hindered the reduction, another 
run (experiment 65) was made in the graphite-lined tilting furnace. 
(See Table 2, p. 16.) In this experiment old slag calculated to con- 
tain about 8.75 pounds of UO,, 3 pounds of CaO, 0.5 pound of 
CaF’, (containing small amounts of iron shot and Al,O, and SiO,) 
and 0.5 pound more of CaF, were melted, and, when the charge 
was fluid, 4 pounds of iron was added, later 0.6 pound of coke was 
added. Eight pounds of alloy was obtained, analyzing 5.8 per cent 
C, 38 per cent U, and 1 per cent Si. 


TESTS IN WATER-COOLED TILTING FURNACE. 


As the CaO-CaF, slag was fairly satisfactory and as the water- 
cooling preserved a frozen layer of slag over the carborundum lining 
in the stationary furnace, the next step was to combine these factors 
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in a tilting furnace (fig. 2). An iron shell 18 by 18 inches by 14} 
inches high in the 


body part, and BER 

with a hearth part Sty 

11 by 11 inches by S 2s 

44 inches deep, 222 

extending down- A F 

ward from the 34 

bottom of the Bass 
body part, was 8.25 
made and mount- a SE 
ed on trunnions. aos? 
The shell was pro- § B~ g 
vided with a pour- AI e2 5 
ing spout, and the : snes 
hearth part was =e $3 
arranged for 3-35 
water cooling by a g pa 
being surrounded = E aa* 
with a perforated Zn v..£§ 
spray pipe, the Y k gies 
holes in which AN geaé 
were at such an : . 23 3 
angle that the rt] 
streams hit the e..es 
main or upper s Fog 
bottom just out- B38 
side the junction ; $ 


with the sides of 
the hearth part, 
causing sheets of 
water to cover the 
junction and flow 
down the sides. 
A pan 15 by 15 
inches by 3 inches 
deep suspended 
by corner posts 
extending down 
from the main 
bottom was hung 
with its bottom 
1 inch below the 
hearth bottom. A 
hole in the center 
of the bottom of the pan was cut of such size that it did not drain 
the cooling water all off, but allowed some to run over the edges. By 


frozen UO, or slag lining; r. 


u, asbestos-board electrode separator ; 


side; g, magnesite; h, carborundum ; i, spray pipe; 


o, magnesite hearth lining; p, 


when pouring; 


Ficure 2.—Sections and top view of tilting furnace 
f, graphite 
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this arrangement the bottom and the lower 2 inches of the sides of 
the hearth part were covered continually with water, and the upper 
“4 inches of the sides were cooled by sheets of water. The water 
from the pan fell into a large pan beneath the furnace, connected to 
the drain. 

A, neater job could have been made by completely inclosing the 
hearth part and providing inlet and outlet pipes, but the open sys- 
tem was used instead of a closed one for greater safety and in order 
that the cooling might be watched. 

An apron on the front of the furnace below the pouring spout, 
which was 1} inches above the main bottom, prevented the water from 
splashing into the ladle or mold when the furnace was tilted to pour. 
This hearth was not deep enough, nor of quite large enough cross 
section for the electrodes and the power used. The body part also 
was not large enough to give sufficient thermal insulation. How- 
ever, it was thought that it might serve for experimental purposes. 
A large furnace would have taken more UO, in the water-cooled 
lining, and it was desired to use as little of the valuable UO, as 
would give the information needed. The SiC lining of the station- 
ary furnace was unattacked and was transferred to the tilting fur- 
nace. Above the hearth proper the SiC split bricks were backed 
by magnesite, and a roof of SiC slabs also covered by magnesite was 
put on. As usual, the graphite electrodes were suspended from the 
ceiling and pulled entirely out of the furnace when the metal was 
poured. In order to keep the slag from the SiC hearth lining, 8 pounds 
of UO, was spread over the bottom and piled on sides and in corners; 
then a mixture of 10 pounds of UO,, 3 pounds of CaO, and 0.75 
pound of CaF, was placed in the center and melted down and the 
furnace was cooled and examined. The bottom appeared unbroken 
and unattacked. A series of runs was then made, the quantities of 
iron and UO, added as charge being kept uniform, the UO, in slag 
being disregarded; the quantity of coke was varied. Unless other- 
wise noted, the coke was mixed with UO, for the charge and not 
added alone. 

The results in the tilting furnace with water-cooled hearth are 
given in Table 4 following. The furnace was run at the same volt- 
age and amperage as Was the graphite-lined furnace. 

In these attempts at making an alloy with a low ratio of C to U, 
a fairly high U content was sought for two reasons: First, because 
with a given C content the higher the U the lower the ratio of C to 
U; and, second, because reports from users of ferro-uranium indi- 
cated that with a low U content, the amount needed was large 
enough to chill the steel so that the alloy was not as readily dis- 
solved as when the alloys used were high in U. No attempt was 
made to produce anything approaching metallic U. 
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TABLE 4.—Results of runs with tilting 


Charge proper, disregarding slag left in furnace. | 
= Fur- 
Experiment No. Time. nac2 at 


Fe. | Cad. | CaF: | Mil |oldsiag| U0,. | Coke. start. | 
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a By EF. L. Mack. 

¢ From experiment 71. 

¢ Five pounds poured, 1 pound taken out in regulus when cold. 
4 Not poured, but taken from furnace cold. 

¢ From experiment 74. 


ELECTRODE CONSUMPTION. 


In experiments 72 to 85 the slag in the hearth was heated with- 
out addition of charge six times to make a tight sump. The hot 
clectrodes were pulled out into the air 18 times in these hearth 
repairs and in the regular heats, causing much faster loss of electrode 
than would be the case in a commercial furnace in which the elec- 
trodes were not cooled so often. The electrode loss was 18.5 inches. 
on each electrode or 1 inch per 26 kilowatt-hours, as in these experi- 
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furnace with water-cooled hearth. 


Ratio to 10 per 


Kilo- | Quan- Analysis of product. cent U 
watt | tity of . 
hours | alloy é Remarks. 
OL TRONS Ye. c. Si. es Si. : 
Pounds.| Pct P.ct, P. ct, 
53.5 4.0 58 2.4 1 0.42 0.17 
33 7.3 . 44.5 2.25 1 51 . 23 |{SiC hearth and sides; small quantities 
53 6.5 37.5 2.1 3 58 280 of CaU and CaF, were used as needed- 
2s. 25 5.4 37.5 1.75 2 47 oA 
18. 25 6.5 25.5 4.2 25 1.64 98 
}i13, 5: | c6 43 2.5 2.5 5S 58 
‘i 42.5 61 1.7 3 26 49 
47.5 5.8 70 1.7 3.8 -25 .55 ')Alloy touched SiC sides. 5 pounds of 
mill scale and 1 pound of cokecharged 
28, 25 5.9 60 24 2.4 -40 -40 before U Ogand cokewereadded. Mag- 
|| nesite hearth and carbon sides used 
in these and all subsequent runs. 
fl) 89 51.5 2.05 2.5 -40 -49 
30 6.5 48 1.65 1.75 235 37 
46.75 6.8 45.5 2 4 -44 88 
27.5 6.9 46 2.1 1.8 46 39 . 
21.75 3 33 2.6 1.4 79 .43 | Too muchslag in furnace; slag toostifl” 
95 magnesite spalled from roof. 
48,75 5.2 7 1.1 -9 shi 14 
25 6.8 53.5 2.4 1.2 245 .B 
B.5 8 45 3.6 1.2 . 80 .27 | Slag stiffened by spalled magnesite 
92 irony roof. Alloy touched carbon 
walls. 
50 5.2 64 3.25 235 5 .06 |7Alternating-current generator tempo- 
33 14.9 68.5 5) 73 04 rarily out ofcommission. Direct cur. 
| rent at 50 volts, 800 amperes, used 
This voltage would hold only one arc? 
so one electrode always touched slag 
|] or alloy, giv ing high carbon, 10 
{inches on each electrode used in the 
|} twoheats. Fresh liningof UO».Cao, 
)} and CaF», not contaminated with SiC, 
| put in belore running experiment 85, 
“‘harge all added in center in experi- 
|| ment 85 and in subsequent experi- 
ments. 
50.5 4.2 65.5 1.5 245 2B 07 
52 6.6 59 1.3- 60 -22 -10 | Furnace cooled 2} hours between ex- 
periments 87 and 88, 
32.5 9.2 56 152 65 22 12 
50.5 + 9.5 63.5 2.15 +65 a4 +10 
38. 25 12.5 63 1,75 .90 .28 14 
30, 75 10.6 72 2.4 . 60 ~33 08 
45 3. 25 58.5 3.65 1.20 62 +21 | Too much CaF2; slag too fluid; alloy 
not hotenough to be poured well,and 
itcontinually spattered againstcarbon 
sides and back into hearth, giving 
high ©. High Si probally due to 
sileceous impurities in CaF. 
35.5 4.7, 63 2.15 +75 34 -12 
41.25 95 43 2.15 0 - 50 .16 | Furnace cooled 24 hours between ex- 
periments 96 and 97. Alloy not hot 
enough to pour well. 


f Five pounds from experiment 76,and 3.5 pounds from experiment 71, latter being contaminated with SiC 
9 Taken out in regulus when furnace was cold. 

Ah From experiment 79. 

4 Each of the charges for experiments 92 to 97 mixed together before reduction in furnace. - 

# From experiment 91 and contained some emulsilied alloy (see Table 5). 


ments and repairs 713 kilowatt-hours was used. In experiments 92 
to 97, in which mill scale was used instead of metallic iron, the loss 
was 1 inch per 20 kilowatt-hours. 


DISCUSSION OF TESTS. 


The absolute percentage of carbon in experiments 66 to 69 de- 
creased as the coke was decreased, but the uranium content also 
dropped. Of course the uranium content varied with the ratio of 
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iron to uranium reduced or to coke used for reduction. As all the 
added UO, was not reduced, but its amount kept increasing in the 
furnace; in experiment 70 an attempt was made to use only the 
UO, in the slag, the coke being added unmixed with UO, or slag. 
A high-carbon, low-uranium alloy resulted. This result was not 
necessarily due to the failure to mix the coke with UO,, for there 
was so much slag in the furnace that the alloy may have had some 
contact with the SiC sides. 

Experiment 71 covered the refining of high-carbon alloy and is 
discussed later (see Table 5, pp. 36, 37). 

The high Si content of samples from experiments 68 to 71 indi- 
cated that the SiC lining was being attacked. When the hearth was 
cleaned out it was found intact, having been fully protected by the 
water cooling, but the uncooled SiC lining above the slag line had 
been badly attacked by spattered slag, and the SiC was crum- 
bling off. 

The SiC hearth was left in, but the SiC sides were then replaced 
by graphite. ; 

In experiment 72, 18 pounds of slag from experiment 71, 3.5 
pounds of UO,, 0.35 pound of CaO, and 0.15 pound of CaF, were 
charged, and the center melted down in 20 minutes, but the edges 
proved not to have been sufliciently fused, as 4 pounds of iron, later 
followed by 6 pounds of UO, and 0.72 pound of coke produced no 
alloy that could be poured after 1 hour 8 minutes. More current 
was applied until 50 kilowatt-hours had been used, and more CaO 
and Cal’, were added, but nothing would pour. 

Seemingly the iron had run down between the unfused chunks on 
the edges. Four pounds more of iron was then charged, followed 
by another 6 pounds of UO, and 0.72 pound of coke, and after a 
total of 118.5 kilowatt-hours had been used and the ares had run 
a total of 2 hours 15 minutes (total time including attempts to pour, 
2 hours 35 minutes), 5 pounds of alloy was poured, analyzing 
(experiment 72A, Table +) 43 per cent U, 2.5 per cent C, 2.5 per 
cent Si, 0.58 per cent C per 10 per cent U, and 0.58 per cent Si 
per 10 per cent U. 

On taking out the slag, 1 pound more of metal like that just 
mentioned was found, and 2} pounds of iron shot, practically free 
from U, that had run down into the spaces near the edges was taken 
out. There was also a 23-pound regulus lying in contact with one 
side of the SiC hearth. This regulus analyzed (experiment 72B, 
Table 4) 61 per cent U, 1.7 per cent C,3 per cent Si, 0.26 per cent C 
per 10 per cent U, and 0.49 per cent Si per 10 per cent U. It was 
found that the shell had shifted in the trunnions so that one elec- 
trode had come so close to the SiC hearth lining that the water cool. 
ing had not kept a layer of slag frozen over it. An end-tirust bear 
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ing was put on to remedy this condition. The electrodes were also 
put in on the diagonal of the furnace cavity to keep them farther 
from the sides. 

This arrangement would probably have kept the SiC lining covered 
by frozen slag, but as in experiments 54 to 57 the magnesite hearth 
in the stationary furnace was injured more by spalling and by shat- 
tering when the alloy was dug out than by slagging, it was thought 
safer to use a magnesite-hearth lining. So a hearth lining of split 
magnesite brick 1} inches thick and 44 inches high was put in, and 
above this were placed 1}-inch carbon sides and roof, backed by 
magnesite. 

In preparing the furnace for experiment 73, 35 pounds of slag 
from experiments 71 and 72 (contaminated by SiC) was melted 
down, 35 kilowatt-hours being used. The furnace was then cooled, 
and 7} pounds of slag (from experiment 71), ground fine and 
moistened with a diluted glucose solution, was rammed into edges 
and corners to fill cracks and chinks, 0.5 pound of CaO and 0.25 
pound of CaF were put in the center of the sump, and the furnace 
heated, 9 kilowatt-hours being used. A tight hearth resulted. 

In order to eliminate the Si in the slag some wash heats were | 
taken out, as the UO, in the contaminated slag was too valuable to 
scrap, and it was desired to obtain some alloys with varying Si 
content, as there was a possibility that a moderate amount of Si 
might aid in producing an alloy that could be readily crushed so as 
to be added to steel in small pieces; also it would doubtless lower 
the melting point and so might make the alloy dissolve more easily 
in steel. As Si reduces iron oxides more readily than uranium oxide, 
mill scale was at first used instead of iron, to help clean out the Si. 
After 8 minutes’ heating of the cold furnace, 5 pounds of mill scale 
(from ingot iron) mixed with 1 pound of coke for its reduction was 
charged in 15 minutes; then 2.5 pounds of slag was added, and after 
12 minutes 5.2 pounds of UO, and 0.63 pound of coke were added in 
20 minutes, and the furnace heated 25 minutes more. From time to 
time, as needed, CaO and CaF, were added, 0.2 pound of each being 
used, 

After experiment 74, when the furnace cooled 263 pounds of slag 
was taken out in order to examine the hearth, the rest adhering 
tightly. No attack was shown on the magnesite save a little on 
one side at the slag line. In order to free the slag from Si more 
quickly the hearth was then rammed smooth, 16 pounds of fine 
UO. moistened with a dilute glucose solution being applied, and 
11} pounds of the slag that had been taken out were put back into 
the center of the hearth. The moisture was then dried out and 
0.5 pound of CaF, and 0.25 pound of CaO were put in the center 
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and the current applied to the furnace, 20 kilowatt-hours being used. 
A deep sump was formed and a thick slag layer about the sides. As 
not enough slag was in the center to cover satisfactorily a charge 
of iron, 35 pounds of UO, and then 1} pounds of fine slag (contami- 
nated with SiC) from experiment 71 and 4 pound of mill scale 
to take care of the SiC, were put in. 

Five pounds of powdery slag was taken out of the furnace after 
experiment 76, the hearth was made smooth by applying 3 pounds 
of UO., moistened with dilute glucose solution, and experiment 77 
was made. ‘The high Si ingots from this experiment were quenched 
in water and were so brittle that 2.3 pounds disintegrated to powder 
in the water. This powder was dried and added to the next charge. 

In experiment 79 the charge did not become sufficiently fluid 
after the addition of the 12 pounds of UO, because magnesite 
spalled off from the roof into the charge and the stiff slag held 
back the alloy so that little could be poured. 

As the UO, charged in excess over the U obtained as alloy had 
filled the hearth too high, the furnace was cooled, 5 pounds of alloy 
and 22 pounds of slag were taken out, and the slag was crushed. 
The rest of the slag was roughly formed into a sump, 0.3 pound 
of CaF, was put in the center, and the slag was melted, 27 kilowatt- 
hours being used. When the furnace had cooled, the hearth was 
seemingly tight. 

The next series (80 to 82) was made to determine the effect of using 
a more fluid slag than was used in experiment 79, the slag in which 
was not very fluid on account of the large amount of UO, charged. 
The slag and UO, were mixed; the first charge, when plenty of slag 
was already in the furnace, being higher in UO, than the later ones, 
in which the slag was increased. CaO and CaF, were also used 
to help fluidity, but only 3 pounds of alloy could be poured. 
There was so much slag in the furnace in experiment 82 that the 
alloy had come into contact with the carbon sides above the water- 
cooled hearth. When the furnace was cold 2 pounds more of 
alloy was taken out. 

There had been considerable spalling of the magnesite roof and 
the magnesite that fell in had stiffened the slag and helped to hold 
the alloy up to the carbon sides. The magnesite over the carbon roof 
was replaced by SiC. In order to get the slag below the carbon, 
most of it was taken out. Some was put back, but 43 pounds was 
kept out. The slag taken out analyzed 0.6 per cent C. The slag 
higher in magnesite was put into the bottom of the hearth and cov- 
ered with the more normal slag. Places where the lower part of 
the carbon sides had been corroded by the alloy were filled with 3 
pounds of UO, moistened with glucose, 0.38 pound of CaF, was put 
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in the center, and the sump was again made tight by heating, 25 kilo- 
watt hours being used. 

In the last 10 experiments, except in experiments 79 and 82 in 
which the results were hampered by the spalling of the roof, the 
alloy analyzed 45 to 70 per cent U and 1.1 to 2.4 per cent C. The 53 
pounds of alloy from the 8 normal runs, considering the weights 
obtained in each run, averaged 54 per cent U and 2.0 per cent C, or 
0.37 per cent C per 10 per cent U. The Si was high in most of these 
runs, as the slag lining and old slags used were contaminated with 
SiC which had crumbled off from the SiC lining previously used. 
The Si was slowly being eliminated in this series of runs, averaging 
1.2 per cent for the last four. The Si in the alloys made in the 
graphite hearth was low and it would have been low also in those 
made in the water-cooled magnesite hearth save for the contamina- 
tion by SiC and for small amounts of SiO, as impurity in magnesite 
that spalled off the roof, and in the CaF, used as flux. 

Experiments 83 and 8+ were made to determine the effects of re- 
melting, and are described later. 

In order to produce alloys lower in Si, the contaminated slag was 
taken out and a fresh UO, lining put in. Thirty pounds of UO, 
was formed into a sump, and 4.5 pounds more of UO,, 2.0 pounds of 
CaF, and 1.5 pounds of CaO were put in the center and the sump 
made tight by heating, 26 kilowatt-hours being used. The alter- 
nating-current side of the double-current generator used was tem- 
porarily out of commission; consequently, in experiments 85 and 86 
direct current was used, at about 50 volts, 800 amperes. This voltage 
was not sufficient to hold both ares satisfactorily, so one electrode 
was lowered till it touched the slag, and the are was drawn from the 
ctherone. The are was drawn to the slag first from one electrode and 
then from the other, at intervals. However, the electrodes were 
either strongly attacked by the slag or else touched the alloy at 
times, as in the two heats 10 inches was worn off each electrode, and 
high-carbon alloys resulted. In experiments previous to experiment 
85, the electrodes had been separated by a split magnesite brick lying 
across the top of the furnace, and charging was done around the 
outside of the electrodes. To prevent magnesite falling into the 
bath, and to allow charging in the center between the arcs, the 6-inch 
by 6-inch opening in the top of the furnace was left entirely un- 
covered, and the electrodes were separated by asbestos board above 
the furnace. The high yield in experiment 86 was probably due 
partly to this center charging as well as to the excess carbon from 
the electrodes. The more fluid slag due to the use of more CaF’, and 
less CaO than before may also have helped. After experiment 86 
the sump was left in good condition, being smooth, and the sides 
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well protected by frozen slag. As there was not enough slag in the 
sump to cover the next charge of iron properly, 5.0 pounds of UO, 
and 0.4 pound of CukF’, were added to the powdery slag in the sump, 
and the next experiments were conducted with alternating current. 

In experiments 87 to 89 still more CaF’, was used and the charge 
was all added in the center between the electrodes. The alloys pro- 
duced in these experiments contained 56 to 66 per cent U and aver- 
aged 1.33 per cent C and 0.6 per cent Si. The bottom of the sump 
did not fill'so rapidly as when a stiffer slag higher in CaO was used, 
the excess of UO, charged over U recovered building up about the 
sides rather than in the bottom and not emulsifying so badly. 
Probably a straight UO,-CaF, slag would be better than one con- 
taining CaO also. If considerable CaF, were used in the first few 
charges, till enough slag had formed, and if the CaF, were gradu- 
ally decreased, it seems likely that in a furnuce of commercial size it 
would not often be necessary to take out slag to mix with succeeding 
charges in order to keep the furnace from filling with slag. 

Experiments 90 and 91 were made to determine the effects of 
remelting and are described later. 

The next series of experiments was on the use of mill scale (72.4 
per cent Fe) instead of metallic iron as a source of iron. In experi- 
ments 73 and 74 the mill scale and the coke for its reduction were 
charged early in the run, and UO, and coke were charged later. 
The charges for experiments 92 to 97 were mixed before reduction in 
the furnace. The slag used in the charges in experiments 92 to 94 
contained some emulsified alloy from a remelt and had been taken 
from the furnace after experiment 91. In chiseling out the regulus 
left in the furnace from experiment 91 the hearth lining of frozen 
slag was somewhat broken. Consequently, 1 pound of Cal’, was 
added to the slag left in the furnace, and the hearth was made tight 
by heating, 26 kilowatt-hours being used. These frequent repairs 
to the slag lining were due to taking out frozen heels of metal that 
had failed to pour, and such repairs would not be needed in com- 
mercial operation. 

Tn experiments 92 to 94 the results were satisfactory as to smooth- 
ness of the are, quantity of alloy poured, etc., but the carbon was not 
so low as in experiments 87 to 89 in which iron instead of mill scale 
was used. 

Jn making up the charges for experiments 95 to 97 the CaF, was 
intentionally increased to try the effect of a more fluid slag. But 
in experiment 95 the slag so made was altogether too fluid. It boiled 
and spattered badly under the are, baring the alloy at times and 
spattering showers of it up against the carbon walls, doubtless 
eccounting for the high carbon. The high Si was probably due to 
siliceous impurities in the CaF. Traces of slag inclusions were 
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found in the alloy poured. On account of the boiling of the slag, 
the alloy could not be heated hot enough to pour well. 

The CaF, should have been left out in the next heats, but it had 
already been mixed with the charges, so UO, was added, making the 
UO, content higher than had been intended. The extra UO, took 
care of some of the excess CaF’, and produced better slags, but the 
slags of experiments 96 and 97 were still too fluid to allow heating 
the alloy as hot as it should have been. 

When the slag is not fluid enough the are is snappy, the alloy is 
bared from time to time and spatters, the alloy emulsifies badly with 
the slag and does not all pour out, but is largely retained in the fur- 
nace. When the slag is too fluid, the are is smooth until the charge 
gets fairly hot, when the slag boils under the arc, bares alloy from 
time to time, and both slag and alloy spatter. Some of the slag 
may then be caught in the alloy as it pours out. When the slag is 
right the arc is smooth, the separation of slag and alloy is good, and 
there is no difficulty in heating the alloy hot enough so that it pours 
out completely without carrying any slag with it. After an oper- 
ator has gained a little experience in the operation of the furnace, the 
behavior of the are and the amount and nature of any spatter indi- 
cate to him very accurately the condition of the slag. In commercial 
operation, after a sufficient amount of the proper slag has accumu- 
lated in the hearth no CaF, would be added to the charge. In 
making a low-carbon alloy an excess of UO, over coke has to be used, 
and hence the UO, in the furnace will increase from heat to heat. 
By making the furnace roomy enough, this accumulation could be 
allowed to go on for a long period before slag would have to be 
removed. Then a part of the slag could be taken out, crushed, and 
distributed among the charges to be made until the next time slag 
had to be removed, so that after the first removal of slag the charges 
would consist of old slag and of less UO, per unit coke than was 
used when slag was not charged. 

Tilting the furnace back and forth from time to time to stir the 
slag and bring fresh charge under the arcs is rather essential. Some 
such plan as is described by Buckman? would be advantageous except 
for the mechanical difficulties involved. By his plan the electrodes 
are continually made to pass over fresh parts of the charge. 

Better results as to low carbon content were obtained when the 
iron was charged in the metallic state rather than as oxide (mill 
scale). 

The magnesite hearth put in before experiment 73 was prac- 
tically unattacked and entirely serviceable after experiment 97. A 
single heat on an uncooled magnesite bottom over which a layer of 


* Buckman, H, H., U. 8. Patent 1092764, Apr. 7, 1914. 
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UO, had been fused to keep fluid slag from it, was far more de- 
structive to the magnesite than 25 heats on a thin magnesite bottom 
water-cooled enough to keep a frozen layer of UO, or slag over it. 


RECOVERY OF URANIUM. 


Including UO, in the slag and in the lining, the charges in experi- 
ments 85 to 97 were as follows (see Table 4): 


Charges in experiments 85 to 97. 


Uranium, Fe, 
Pounds. Constituent. pounds. pounds. 
151.5 UO:, equivalent to.....----.-._-.-...--.--.-- 125.7 2.1 
18.65 CaF:. 
1.6 CaO. 
20.0 Fe, equivalent to___-_-_--__-------_--___---_- 20. 0 
35.5 mill scale, equivalent to_______---__-____--__- 25.7 
15.0 alloy for remelting, equivalent to-_--------____ 9.7 4.7 
16.2 coke. 
135. 4 52.5 
There was obtained 107.45 pounds of alloy, equivalent 
LOL ono se eedscneSsccesshsehsessseeecsoceesaeset 63. 4 40.9 
And 85 pounds of slag, equivalent to_____--_--___--___ 60.0 7.8 
123. 4 48.7 
LOSS 25 244 i. 2ech oh Se sae ens seussesseethece 12.0 3.8 
Loss, calculated on basis of 73.4 pounds of U actually used, 16.5 
per cent. 


Loss, calculated on basis of total U charged, 9 per cent. 
Loss of Fe, 7 per cent. 


Most of the loss was due to fine particles carried out with the CO 
flame; this loss might be reduced by briquetting. Some of the loss 
was due to spattering, some to volatilization of UO, or of some 
fluorine compound, and some to mechanical loss in charging and 
pouring. Two of the 13 heats represented in the foregoing figures 
covered remelting experiments, and the loss therein makes the loss 
calculated above too high, 15 per cent being probably nearer the true 
figure. 

The average Si content of the alloys produced in the last 11 runs 
represented in Table + was less than 0.7 per cent. All the other alloys 
represented in the table were contaminated by SiC. The average 
carbon content of the alloys produced in all the 26 runs was less than 
2.5 per cent. Excluding those runs in which the alloy touched or 
spattered against the carbon sides, which would not occur if the fur- 
nace had had water-cooled magnesite sides, the average for 21 runs 
was less than 2 per cent carbon. The average content of the alloys 
from the three runs 87 to 89 in which the best conditions existed 
was 1.33 per cent C, 
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The power consumption in the six runs 87 to 89 and 92 to 94 was 
less than 4 kilowatt-hours per pound for alloys averaging 63 per 
cent U and 1.8 per cent C, and in runs 89 and 94, with the furnace 
fully hot, the power consumption was about 3 kilowatt-hours per 
pound when about 9 pounds was poured per heat. In a large com- 
mercial furnace the power consumption should. be much lower than 
in the little experimental furnace. 

For a commercial furnace, if a capacity of 200 pounds of alloy per 
heat be assumed, 200 kilowatts (say 100 volts and 1,200 amperes per 
phase) on a three-phase, tilting, direct-arc furnace of the Heroult 
type would probably not be too much, as the best results are obtained 
when the alloy is heated very hot, though such a furnace would be 
over-powered for steel. To withstand the high temperature, the thin 
magnesite walls and bottom (say 24 inches) should be effectively 
water cooled so as to maintain a solid UO, lining within them. 
The roof should be of carbon bricks on the inside, as the usual 
silica roof would drip and contaminate the alloy. The center of the 
roof should be opened for charging. 

A three-phase direct-are furnace like the Heroult is preferable to 
a single-phase like the earlier form of the Girod, and rather large 
carbon electrodes should be used, to give as many and as large arcs 
as are practicable, as there is little reduction outside the arc itself. 

Fluorspar alone is the best flux tried, if Al is to be kept out of the 
alloy. Its amount should be so regulated that the slag is not so 
stiff as to hold alloy in emulsion, and not so fluid as to spatter 
badly under the are. The slag was satisfactory when 60 pounds of 
UO, (exclusive of that reduced and poured out as alloy, but includ- 
ing 30 pounds used as original lining) and 10 pounds of CaF, had 
been charged. 


REFINING OF ALLOYS BY REMELTING. 


Bleecker? suggests first making a ferro-alloy high in carbon, by 
reduction with carbon, then crushing the alloy, mixing it with iron 
oxide or oxide of the other metal in the alloy, and remelting, 
in order to decarbonize. Or, he states, one may first make a high- 
carbon alloy and decarbonize by later adding to the molten alloy 
iron oxide or the oxide of the other metal. Remelting iron high in 
carbon with iron oxide to refine it is, of course, steel-making routine, 
and Moissan’ and Escard* both long ago described decarbonizing 
metallic uranium high in carbon by heating it with uranium oxide. 
Table 5 following gives some results of refining high-carbon alloys. 


@ Bleecker, W. F., United States Patent 1094114, Apr. 21, 1914. 

> Moissan, H., The electric furnace; trans. by V. Lenher, 1904, pp. 167, 170. 

¢ Escard, J., Sur les différents procédés de préparation de l’uranium métalliques pur ou 
& l'etat de foate: Rev. chim. ind., t. 18, 1907, p. 81. 
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Tasit 5.—Results of remelting 


(Tilting furnace, 
Charge proper, disregarding slag in furnace. 
> Fur | Kilo 
Exp rieeet Analysis of alloy.» | Time. nace 2 at one Pano 
le | = s' * - 
Alloy.a| Slag.| UO;.! Ml" | car.) used. 
v. | c. | si. | 
! | A} — 
Lbs. | Lbs. | Lbs, | Lbs. | Lbs. | P.ct.| P.ct.' P. ct.| Hrs. min. Pownds 
71 ‘ica ¢6.0 \None.| 5.0 |......)...... 25.5) 4.2) 2.5 | 1 Cold...| 49 3.5 
49.0/49.0| 5.0]...... 0.75 | 45.0) 3.6) 1.2 1 20|...do..) 55 4.0 
€7.0/47.0}...... 1.7 -75 | 38.0} 58/ 1.0 50 Hot 31.25 4.0 
47.0 |...... ras eee 1.2 | 56.0) 1.2| .65 1 Cold. 49 2.25 
99.0)...... BO tts 2.5| 68.5. 5.0) .25 8 | Hot...| 38 Hf agg 
a Crushed to pea size and smaller. Values are in + By E. L. Mack. 
addition to any alloy left in fyrnace from preceding ¢ From experiment 70. 


run. d From experiment 82, 


The finely crushed alloy emulsified badly with the slag, particu- 
larly in experiments 83 and 84 when the slag was extra stiff because 
of adventitious magnesite. 

Tn all of these runs the recovery of the alloy charged was poor, 
much less being poured than was charged. There was always some 
spatter, small globules of alloy being shot up into the air above the 
hearth, oxidizing, and dropping back in the hearth, the iron oxide 
thus produced tending to decrease the percentage of U in the re- 
covered alloy (see experiment 90), as metallic U in the alloy will be 
oxidized by iron oxide. When iron oxide is used as a decarbonizer, 
the U content should fall; that it did not do so in experiment 84 was 
due to the presence of much emulsified high U alloy from experi- 
ment 83. When uranium oxide is used as a decarbonizer, the U 
reduced by the C in the alloy charged should raise the U content. 

In experiments 89 and 92, that is, both before and after experi- 
ments 90 and 91, the slag was of good consistency when remelted. 
Hence the emulsification of the remelted alloy in experiments 90 and 
91 took place even though the slag was right for making the alloy. 

The experiments thus indicate that it is probably better to make 
a low-carbon alloy in one operation, for which it is not necessary 
that oxide be added in the latter part of the heat, than to make 
first a high-carbon alloy and then refine it. 


FRACTURE OF FERRO-URANIUM. 


The fracture and crystalline structure of ferro-uranium vary 
greatly with the composition. Samples with high carbon content 
(4 to 6 per cent), and with 30 per cent U and up, have a structure 
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alloys in order to refine them. 
water-cooled hearth.] 


| | 


‘ Ratio per 10 percent 1. | Recovery. | 
Apes SS SS ee =a ———| 
roduct.o 
P vee ete In alloy charged. | In alloy recovered. Remarks. 


U. Cc. | Sf. Cc. Si.) Cc. Si. U. Cc, Bis. |) Ls Cc, Si. 


P.ct.|P.ct.| P.ct. Lbs. | Lbs. | Lbs, | Lbs. | Lbs. | Lbs. 

36.5 | 0.9 | 4.7 | 1.64 0.98 | 0.25 (1.28 | 1.50] 0.25 | 0.15 | 1.25 (0.03 [0.16 | SiChearthand walls: 
walls crumbled 
' and contaminated 
alloy with Si. 


se {4.7 [16 | .99: .97/ .30] .20/4.05| .25] .11 | 2.70] .07 | .06 | Magnesite hearth, 
47.5 | 2.45] 1.4 1.53 26 | 52 30 | 2.67 41 07 | 1.90 | .10 | .06 Do. 
| Magnesite hearth. 
43.0 95/1.55) .22) .12) .22] .36/3.58| .07] .04) .97 | 024] .035 || Increasein Si prob- 
66.0] 1.8 75| .731 .04 27 1) 6.174) «45 02 | 4.62 | .126 |f.053 | ably due to silice- 
swe cwjeledecs clacton cfteosny sae dey soe in lsgaseyeseeeelpeenss|saniss | 3.30] .09 |/.038 cus impurities in 
CaF;. 
¢ From experiment 65. h Taken from regulus in haul when cold. 
J From experiment 89. ¢ Poured. 
g From experiment 86. 4 In regulus. 


much like stibnite, and the large columnar crystals crumble readily 
so that the alloy is easily crushed. When the carbon content is lower 
(1.5 to 3.0 per cent), the uranium content 30 per cent and more, and 
the silicon content high (1.5 to 4.5 per cent), the alloys have a dense 
fracture, the separate crystals not being visible to the naked eye. 
The silicon makes the alloy brittle, the samples higher in silicon 
crumbling to powder under comparatively slight pressure. 

When the carbon content is low (less than 2.0 per cent) and 
the silicon content low (less than 1 per cent), the alloys are tough 
and can be crushed with difficulty. 

Table 6 following gives the composition and properties of a series 
of alloys. 


TABLE 6.—Composition and properties of certain ferro-uraninum alloys. 
ALLOYS HIGH IN CARBON IN ORDER OF URANIUM CONTENT. 


7 U.a| Ca} Sia Fracture. Toughness. | Pyrophoric behavior ona file. 
P.ct.| P.ct.| P.ct. 
29A 2.5) 5.0/0.2 | White, dense................ | Fairly tough. ...| Not | a 
62..... 12 3.5 | .7 | Dense, but made up of small |...-. MO Me speaes 0. 
shining crystals. 
> ee 17 4.6 4 Danses with crystals a trifle |..... DOsecceee<s% Do. 
arger. 
46..... 24 5.7 | 1.6 | Large shining plates, irreg- | Crystals crum- | Barely pyrophoric. 
ularly placed. ble off readily. 
8 ase 33 AB) 29s! |oea02 i rt ee ee ee d Moderately pyrophoric. 
33.2... 39.5] 4.0, .4 | Long, shining, columnar Very pyrophoric. 
crystals. 
41.2... 45 4.2") s4 Jone. Oc ox YAR dese e Satirotens liven Do. 
44.0... 52 tS fie ay Epes BO. < Cisaeccte Do. 
50B...| 65 BK], 24. [eases (6 (ee ef a Do. 
86..... 68.5 | 5.0] .25}]..... GOS § avelscicansagne ab see Very pyrophoric; sparks 
Bintly on shaking in bot- 
tle 


¢ Analysis by E. L. Mack. 
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TABLE 6.—Composition and properties of certain ferro-uranium alloys.—Con. 


ALLOYS OF MEDIUM CARBON CONTENT AND HIGH SILICON CONTENT, IN ORDER OF 
URANIUM CONTENT. 


ore vu. | Cc. | Si. Fracture, Toughness. Pyropboric behavior ona file. 
| 
P.ct.' P.ct. P.ct 
O3incees 9 2.5 4.5 | Dense, white...............- Rather brittle.... Not pyrophoric. 
70 scc0.| 33 2.6! 1.4 | Dense, grayish. | Slightly brittle... Slightly pyrophoric. 
Phestinae 45.5 | 2.0) 4.0 | Dense, white........-....-.- Eapessively brit- Do. 
tle. 
BAA...) 46 1.3] 1.3 ]..... do. Slightly brittle... Moderately pyrophoric. 
ee 56 7) 1,6) 2-008 do. Rather brittle.... Moderately py rophoric, 
| sparkson deaxing pieces in 
bottle. 
72B ...| 59 1.7 | 3.0) Dense, grayish.............- Excessively | Extremely pyrophoriec, 
brittle. sparks on auine pieces in 
bottle. 
cf rss 60 Bik RMT es GOs sac Cia sey tee cektasagaesane GO cee ececie4 Do. 
ct eres 70 £7) S58 3c2 QO ecieestesescesteesses feeds Ou. .s5578c5 Do. 


ALLOYS LOW IN SILICON, IN ORDER OF URANIUM-CARBON RATIO. 


l IC per | 


Cauiple U. | Cc. | Si. rel Fracture. Toughness. Pyrophoric behavior. 


61....- | 45 3.7 | 0,3. | 0.82 Large, shining crystals. .; Brittle... ...| Rather pyrophoric. 
85.2... 64 3.25' .35) .51 Grayish,madeupofvery Rather brittle Very pyrophoric. 
| small crystals. 

94..... 72 «(2.4 .6 | .33 Dense, grayish; made! Rather tough..... Do. 

| up of very small crys- 

| tals. 
OP ca3 BA 1.8 | .75) .27 Dense, silvery........... H Do. 
ee 65.5) 1.5 «45 23. Denke, grayish =. 3. i253) .| Moderately pyrophoric, 
88. 26-50 | | -6 | .22 Dense, fibrous, silvery. - 4 Do. 
RN... CFL leaf abby each WO css cageeseee se : Do, 
49B....)50 | .6 ,; .3 | .12..... DO. ccc sabiceataeses Weakly pyrophoric. 


PYROPHORIC BEHAVIOR OF FERRO-URANIUM. 


The pyrophoric behavior of some of the alloys when rubbed on a 
file is of interest. Their pyrophoric behavior is more marked under 
a hacksaw and still more so on an emery wheel. 

There seem to be several factors involved in the degree of pyro- 
phoricity of the alloys. Other things being equal, they of course 
become more pyrophoric as the uranium content increases. But the 
carbon and silicon contents also affect their pyrophoric behavior, 
seemingly because the latter two metals alter the brittleness. If 
an alloy is too tough, particles small enough to catch fire spon- 
taneously will not be torn off readily, whereas if the alloy is exces- 
sively brittle, the particles can be torn off so easily that they do not 
become heated to combustion temperature. Hence samples 49B and 
80, which were low in C and in Si and hence tough, were not so 
pyrophorie as many samples high in C or medium high in Si but 
far lower in uranium. Samples 72B, 73, and 74, with medium C 
content, high U content, and high Si content, and sample 86, with 
high C content, high U content, and low Si content, were so py- 
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rophoric that they sparked when pieces were shaken about in a 
bottle, though not to so great an extent as does uranium carbide. 
Sample 77, with less U but more Si, was still more brittle than those 
mentioned, but not nearly so pyrophoric. 

The pyrophoric behavior of uranium carbide? and of uranium? 
have been long known, and these have been used*¢ in gas lighters 
and in cigar lighters. The carbide is too brittle to have a long life 
in an automatic lighter, and pure uranium is probably too soft. 
Moissan‘ states that an alloy of iron and uranium containing a 
little carbon would be better for this purpose than pure uranium. 

On account of the high melting point of ferro-uranium that would 
be sufficiently pyrophoric for use in gas lighters, casting it into the 
tiny sticks used in gas lighters would be difficult and some method 
of bonding the crushed material into suitable shape, or some other 
suitable alloy of uranium would have to be found before uranium 
could compete with the cerium alloys for the purpose in normal 
times. 

As an automatic cigar lighter is found in the knapsack of most 
soldiers, the resulting demand for pyrophoric alloys and the diffi- 
culty of importing them from Germany have raised tlrese alloys 
from the normal price (for sticks) of about $2.10 per pound to a 
higher price in the United States at present. Prices recently quoted 
were as follows: “Auer metal ’’¢ (shape not stated), $15 per pound; 
ferrocerium, $28 per pound; “cerium alloy,” in round sticks one- 
eighth inch in diameter and three-eighths inch long, $40 per pound. 

As it is stated’ that.some 200 tons of crude cerium oxide is nor- 
mally used each year in the manufacture of pyrophoric alloys, 
there might be a field for a substitute at present prices. Some of 
the samples of ferro-uranium made in this investigation were far 
more pyrophoric under a file than some of the cerium alloys on 
the market in gas lighters. 


MELTING POINTS OF FERRO-URANIUM. 


As the principal use for ferro-uranium will certainly be for in- 
troducing uranium into steel, data regarding the melting points 
of the various lots of this alloy made during the investigation should 


* Moissan, H., Etude du carbure d'uranium: Compt. rend., t. 122, 1896, p. 274. 

> Moissan, H., Sur la préparation de l'uranium & haute température: Compt. rend., t. 
116, 1893, p. 348. 

¢ Chesneau, —, Sur la température des étincelles produites par l’uranium : Compt. rend., 
t. 122, 1896, p. 472. Kellerman, H., Die Cerit Metalle und ihre pyrophoren Legierungen, 
1912, p. 78. Moissan, H., Préparation et propriétés de l’uranium: Compt. rend., t. 122, 
1896, p. 1088. 

4 Moissan, H., The electric furnace; trans. by V. Lenher, 1904, p. 169. 

¢ Scientific Materials Co., Chemical blue book, Jan. 1, 1917, p. 14. 

‘Foote Mineral Co., Mineral foote notes, April, 1917, pp. 5, 16. 

9 Johnstone, 8. J., The rare-earth industry, 1915, p. 30. 
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be of interest. They indicate the temperature to which the steel 
should be heated for satisfactory alloying with ferro-uranium, and 
suggest certain proportions of iron, carbon, and uranium as most 
likely to be useful. 

Attempts were made to determine approximately the melting 
points of a series of the allovs selected so as to have the uranium 
content varying from 45 to 70 per cent. For this work the micro- 
pyrometer? was suggested and through the cooperation of Dr. G. K. 
Burgess, the instrument developed by the Bureau of Standards was 
made available. 

Preliminary tests, however, showed that some, at least, of the 
alloys melted over a considerable range of temperature and that, 
although the point at which a given sample began to melt could be 
determined with a fair degree of accuracy, it was not possible to 
determine the temperature at which melting was complete. As this 
determination was the one especially desired, the use of the micro- 
pyrometer was abandoned, because various factors combined to make 
its determinations unsatisfactory. This does not mean that the 
micropyrometer is necessarily unsuited to the determination of 
melting points of alloys that melt through a considerable tempera- 
ture interval, for the instrument has proved of value with many 
such alloys. 

The Bureau of Mines hopes in the future to make further deter- 
minations of the melting points of ferro-uranium by means of cool- 
ing curves plotted from results with the vacuum furnace. 

Thus far rough measurements of the furnace temperature after 
the metal was poured have indicated that most of the alloys made 
in this investigation will melt completely at 1,600° C., and the tests 
with the micropyrometer tend to corroborate this statement. Hence. 
it is thought that, with proper precautions, any of these alloys may 
be used for adding uranium to steel. 


ANALYSIS OF FERRO-URANIUM. 


A vanadium determination was not made for most of the alloys. 
It could not have averaged as high as 0.25 per cent, though in- 
dividual alloys made with a large amount of fresh UO, would have 
run slightly higher’ than the average, because V is more readily 
reduced than U, whereas an alloy made from a charge consisting 
largely of old slag from which the V had already been largely 
extracted would have run lower than the average. A few analyses 
of the alloys indicated that probably 0.4 per cent V and certainly 
not more than 0.5 per cent was the maximum. Traces of V_ were 
present in all the alloys analyzed. 


* Burgess, G. K., A micropyrometer: Rureau of Standards Bull. 9, 1912, p. 475; Bur- 
gess, G. K., and Waltenberg, R. G., Melting points of the refractory elements: Bureau 
of Standards Bull. 10, 1913, p. 3. 
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As vanadium is used in almost all tool steels, the small amount that 
would be introduced into steel by the ferro-uranium certainly would 
not be classed as a harmful impurity, though for experimental work 
on the value of uranium in steel it is desirable to have a ferro-uranium 
as low as possible in vanadium so as to eliminate the influence of 
another variable. 

The analysis of ferro-uranium for uranium is not easy if the ura- 
nium is to be directly determined, the difficulty being in separating 
the iron and the uranium. 

Trautman® separates Fe and U by digestion with (NH,), CO,, 
but the digestion must go on several hours, and the method gives 
only a rough separation of Fe and U. A more accurate method 
is to take out the bulk of the Fe by extraction of the chlorides in 
HCl (specific gravity, 1.1) with alcohol-free ether,? and to remove 
the remainder of the Fe by digestion with (NH,), CO, and NH,HS. 

Johnson# and Ledoux & Co.,* separate Fe and U by peroxida- 
tion in the presence of carbonates, the former using large amounts 
of Na,O,, Na,CO,, and (NH,), CO,, and the latter, Na,CO, and 
H,0O,. 

In methods involving the precipitation of hydrated iron oxide 
the oxide must be several times redissolved and reprecipitated in 
order to free it from the occluded uranium salts if much U is present. 
The reprecipitations and the slow filtration of the hydrated iron 
oxide make the methods slow. The ether extraction method is also 
far from rapid. The peroxidation methods have the great disadvan- 
tage that when ammonium uranate is precipitated by NH,OH in the 
presence of Na salts, the precipitate contains sodium uranate. The 
difficulty of finding on the market so-called chemically pure uranium 
salts that are really free from Na is due to this condition. Even 
when little Na is present and in great dilution, the Na is obstinately 
carried down, so that numerous reprecipitations must be made, All 
CO, must be boiled out before U and V are precipitated by NH,OH. 
Even though all the CO, is out, much of the U may not be precipi- 
tated by NH,OH, seemingly because it fails to decompose all the 
peroxides. A strip of platinized Pt put into the solution while 
CO, is being boiled out after acidification helps to decompose the 
peroxides. 

After the Fe is freed from U, it may be determined by titration 
with KMnO, or K,Cr,O,. 

¢ Trautman, W., Die analyse des Ferro Uranus: Ztschr. angew. Chem., Bd. 13, 1911, p. 61. 

*Kern, E. F., The quantitative separation and determination of uranium: Jour, Am. 
Chem. Soc., vol. 28, 1901, p. 710. 

¢ Hillebrand, W. F., quoted by Moore, R. B., and Kithil, K. L., A preliminary report on 
uranium, radium, and vanadium, Bull. 70, Bureau of Mines, 1914, p. 84. 

4 Johnson, C. M., Chemical analysis of special steels, steel-making alloys, and graphites, 


1914, p. 290. 
© Ledoux & Co., quoted by Moore, R. B., and Kithil, K. L., work cited, p, 85, 
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Aluminum is precipitated together with the iron by ammonium 
carbonate (NH,),CO, in Trautman’s method. In the ether-extrac- 
tion method it remains in the aqueous layer and is consequently 
precipitated with the remaining Fe by NH,HS. In Johnson’s per- 
oxidation method the aluminum is carried through with the ura- 
nium and is precipitated by neutralizing until neutral to turmeric. 
Trautman determines Al by fusion of a separate sample with Na,O,,. 

In all the above methods the V is precipitated as V,O, with the 
U,O,, and may be separated from it by precipitation as lead vana- 
date and determined by reduction by SO, and titration with 
KMn0O,.¢ 

In all the above methods the V is precipitated as V,O, with the 
peroxidation, the U,O, and the V,O, must first be precipitated by 
NH,OH, as in the presence of large amounts of Na salts the precipi- 
tation of lead vanadate is incomplete. 

In using any of the above methods, Si is first removed and deter- 
mined in the usual manner and C determined by direct combustion 
in oxygen. 

Johnson ® suggests the mixed oxide method, in which, after separa- 
tion of Si, the Fe,O,, U,O,, and V,O, are precipitated together by 
NH,OH (when the U is high the mixed oxides filter readily), ignited 
and weighed; V,O, and Fe,O, are then determined by reduction with 
H,S and titration with KMnO,; V,O, and Al,O, are determined 
separately, and U,O, is determined by difference. This method is 
much more rapid than the others mentioned. 

When Al is absent and V very low, as in the later samples made 
in this investigation, the method may be still further shortened by 
determining C by combustion and Si by the usual method, reducing 
the filtrate from SiO, (in H,SO, solution) by H,S, titrating Fe+V 
together, with KMnO,, and calculating Fe+V as Fe, and determin- 
ing U by difference. As the V factor of KMnO, is 0.9167 times 
the Fe factor, the error introduced into the figure for U by the 
presence of as much as 1 per cent V in the alloy would be only 
about 0.08 per cent. The determinations of C, Si, and Fe+V are 
all capable of high accuracy, and the difference method gives rapid 
results. 

Attempts to separate I’e from U by electrolysis, as suggested by 
K6nig. and to separate U and V from the large amounts of Na salts 
left after the peroxidation method, according to Smith,4 were far 
from successful, and although much work was done on electrolytic 


* Ledoux & Co., quoted by Moore, R. B., and Kithil, K. L., work cited, p. 87. 

*Johnson, C. M., page cited. 

¢ Konig, Heinrich, Uber die Bestimmung yon Kobalt und Uran, im Stahl: Chem, Ztg., 
Jahrg. 37, Sept. 16, 1915, pp. 1106, 1107. 

4Smith, E. F., Electro analysis, 1911, p. 150. 
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methods, electrolysis was finally abandoned as not likely to pro- 
duce a more accurate or rapid method than those already available. 


SUMMARY. 


It appears that by using a pure UO,, a low-ash coke or charcoal, 
and a pure iron as raw material, with CaF, as slag former, and 
using a tilting direct-arc type of furnace with water-cooled mag- 
nesite hearth and sides, it should be possible to produce commercially, 
without a second refining operation, ferro-uranium of any desired 
content, say 40 to 70 per cent, with a carbon content averaging less 
than 2.0 per cent, a silicon content of less than 0.75 per cent, a 
vanadium content of less than 0.5 per cent, and with aluminum, sul- 
phur, phosphorus, and manganese contents all so low as to be neg- 
ligible. 

The power consumption should be decidedly less than 3 kilowatt- 
hours per pound of alloy. The loss of U in the reduction process 
should be less than 15 per cent. 

If experiments show that uranium steels high in uranium are not 
valuable, but that a little uranium in steels is useful, and if the 
amount required is so low that the carbon introduced by a high- 
carbon alloy is harmless, then the furnace might have an uncooled 
carbon hearth, and the alloys would contain 4 to 5 per cent carbon. 

If uranium is found useful only as a deoxidizer or scavenger of 
oxygen and nitrogen, aluminum would not be harmful and might be 
advantageous, and the slag former might be wholly or in part Al,O,. 
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